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(57) ABSTRACT 

A switch, switched architecture and process for transferring 
data through an K'Al. switch is disclosed. The switch uses 
multiple switch control circuits each coupled to one FCAL 
network and all connected to a crossbar switch. The switch 
control circuits are coupled together by a protocol bus for 
coordination purposes. Local conversations can occur on 
each FCAL loop and crossing conversations through the 
switch can occur concurrently. The OPN primitive is used to 
establish the connection before any data is transferred 
thereby eliminating the need for buffer memory in the switch 
control circuits. The destination address of each OPN is used 
to address a lookup table in each switch control circuit to 
determine if the destination node is local. If not, the desti- 
nation is looked up and a connection request made on the 
protocol bus. If the remote port is not busy, it sends a reply 
which causes both ports to establish a data path through the 
backplane crossbar switch. 
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Declarations 

wire [1:0] creditmgr_d; 
wire credit_avail; 
wire frame ; 
wire bkchniconn; 

Concurrent Statements 

assign bkbroiler = bkchniconn; 
assign credit_avail « rxrdy_avail; 
assign frame =» swnc_sof; 

// 

// Assign output values. 

// 

assign tfoutdly issue - creditragr_q — CRDTJSSUE; 
assign #outdly reclaim = creditmgr_q — CRDTJRECLAJM; 



Process Declarations 
Global Actions 



Signals Status 

SIGNAL 

issue 

reclaim 

bkchniconn 

credit_avail 

creditrngr_d 

frame 



OUT COMB 

OUT COMB 

INT COMB 

INT COMB 

INT COMB 

INT COMB 



SCOPE DEFAULT RESET STATUS 
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Concurrent Statements 



always iS (posedge Idk) begin 

enable__q <■» enable_d; 

live_q <» live_jd; 
end 

always faj(posedge lclk) 
req_adr_q <- req_adr_d; // finished discovery process 



assign enable_d * -rst &. (nwrdclk ? enable : enable_q); 

assign livej - (enabled & ~enable_q) & lockmaster; 

assign live_k - rst | done I lip; V 

assign live.d « (live_q | livej) A -livejc; 

assign done - (opnsm_q — OSM J3ETADR) & (last | -enable); 

assign req_adr_d =* -rst & nwrdclk & 

(((opnsnuq — OSMJDLE) & livej) | 
((opnsm_q — OSM_WAIT) & els) | 
((opnsm_q — OSM.RCVCLS) & els)); 



// 

// Output decodes. 

// 

assign Would ly busy - opnsm_q !- OSMJDLE; 
assign Woutdly gapwait - opnsm_d — ■ OSM_WAIT; 
assign Would ly cmd_opn - opnsm_q — OSM_OPN; 
assign Woutdly clr_adr - (opnsm_q — OSMJDLE) A livej; 
assign Would ly req_adr- req_adr_q; 

assign start - livej; 
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Dcdantioa* 

wire [2:0] opnsm_i 
wire live_j ; 
reg en a h le_q; 
reg live_Q; 
wire enable_d; 
wire live_k; 
wire live_d: 
wire done ; 
reg reo_adr_<i; 
wire req_adr_d; 
wire opnsm_d; 
wire start; 



Signals Status 
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STA' 
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OUT 




COM 
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OUT 




COM 


cnvf1_opn 


OUT 




COM 
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OUT 




COM 


rea_adr 


OUT 




COM 


done 


INT 




COM 
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INT 




COM 
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INT 


enaJDle_d 


COM 
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INT 
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INT 




COM 
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INT 




COM 
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INT 


live_d 


COM 


opnsm_d 


INT 




COM 
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INT 




COM 
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INT 




COW 
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INT 
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COM 


start 


INT 
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Declaradea* 

recr select._Q; 
wire selecr_d; 
wire selecc_ev> 
rea start_cj; 
wire star-_d; 
re<j wind»#_5; 
wire wind3w_dr 
wire wind»*_ev; 
wire [2:0] «tace_d; 
wire [2:0] «tnte_J- ; 
wire scare- 
wire clockrick; 



always <g>(poscdae klk) 
$dccLJi<-««4«a^l; 

always (aipotedfc Iclk) 
$ian_q <- sarx_tt 

always (5>( powder Idk) 
window_q <- wmdow_d; 

assign selected - icfcct; 

assign sckcc^_ev - «dea & -*cJcci_q & enaM* & -cascade A -bypass; 
assign sun_d - -rw A <selecv_ev | stanjl) * -owrdcDt; 

assign window _d-m? I*b0 : nwiddk ? window : window_q; 
assign window_ev - window & -window_q; 

assign sun - turuj I ielect_ev, 
assign clocktick - wmdow_ev, 

// 

// Assign ouqn variable. 
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// 

assign hold -<«uie_q TKNSMJDLEh 
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start_q 
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started 
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INT 
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windowed 


INT 




COMB 
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INT 




COMB 


window^ q 
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Declarations 

wire [2:0] rxconsm_d; 
wire rxdcls; 
wire opn; 
wire localcls; 



Concurrent Statements 



// 

// Assign outputi. 

// 

assign tfoutdly rwnnjdle - ntconsm_q — RXCL.IDLE; 
assign floutdly rarsoo_opn - rxconsm_q — ■ RXCL_OFN; 
assign aoutdry r«xm_oonn - rxconsm_<l "™ RXCL_COfiN; 
assign (faultily rmm_gcncls - rxoonsm_fl — RXCL_GENCLS. 
assign froutdly rurm_fwdcls - Txconsm_q — RXCL_pWDCLS; 
assign fcouidly T*con_rcvcls - rxconsm_q — RXCL_RCVCLS; 

assign #outdly rxcon_nxi_>dle - rxconsmji — RXCl^IDLE; 

assign rxdcls - dsnutcis; 
assign opn - swrx_opn; 
assign localcls - lpnn_clsing; 

Signals Status 

SIGNAL 
rxcon_conn 
rxcon_fwdcls 
rxcon_gencls 
rxcon_idle 
rxcon_nxt_idle 
rxcon_opn 
rxcon_rcvcls 
localcls 
opn 

rxconsm_d 
rxdcls 



SCOPE DEFAULT RESET STATUS 
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Concurrent Statements 



//wire [3:0] txconsm_d; 
I* 

assign txconsm_d = txconsm_f(txconsm_q, rst, nwrdclk, en_bkchnl, 
rxcncted, localcls, txdnycls, txpcls, 
lpclsed, rxdone, nrxidle); 

always ©(posedge lclk) 
txconsm_q <= txconsm_d; 

*/ 

// 

// Assign outputs. 

// 

assign #outdly txconjdle = txconsm_q — TXCLJDLE; 
assign #outdly txcon_conn =* txconsm_q =■ TXCL_CONN; 
assign #outdly txcon_waitboth - txconsm_q — TXCL_WAJTBOTH; 
assign #outdly txcon_txdone = txconsm_q = TXCL_TXDONE; 
assign #outdly txcon_rxdone = txconsm_q = TXCL_RXDONE; 
assign #outdly txcon_gencising - txconsm.q — TXCL_GENCLSING; 
assign #outdly txcon_waitbkdny = txconsm_q — TXCLJWAITBKDNY; 
assign #outdly txcon__genclsed = txconsm_q — TXCLJ3ENCLSED; 
assign tfoutdly txcon_waitbkcls - txconsm_q — TXCL_WAITBKCLS; 
assign #outdly txconjwdcls = txconsm_q = TXCL_FWDCLS; 
assign #outdly txcon_waitlcl - txconsm_q =■ TXCL_WAJTLCL; 
assign #outdly txcon_done - txconsm_q — TXCLJXDNE; 
assign #outdly txcon_frchkill - txconsm_q == TXCLJTICHKILL; 
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Signals Status 

SIGNAL 

txcon_conn 

txcon_done 
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txcon_idle 
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SCOPE DEFAULT RESET STATUS 
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Concurrent Statements 



// 

// Assign outputs. 

// 

assign #outdly txcfw_arblo =■ txinstate_q == TXG_ARBLO; 
assign #outdly txcfw_arbhi = txinstate_q == TXG_.\RBHI; 
assign #outdly txcfw_arbf0 =■ txinstate_q — TXG_ARBF0; 
assign #outdly txcfwjdle = txinstate_q = TXG_IDLE; 



Signals Status 

SIGNAL SCOPE DEFAULT RESET STATUS 

txcfw_arbf0 OUT COMB 

txcfw_arbhi OUT COMB 

txcfw_arblo OUT COMB 

txcfw_idle OUT COMB 
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Declarations 

wire step; 
wire hold; 

Concurrent Statements 



assign step = tokeno_in; 
assign hold = tokenjiold; 



// 



// Output variables. 



// 

assign #outdly inc = token_state = INCR; 
assign #outdly tokeno_out = tokenjstate != HOLD; 



Signals Status 

SIGNAL 
inc 

tokeno_out 



out COMB 

OUT COMB 

INT COMB 

INT COMB 



SCOPE DEFAULT RESET STATUS 



hold 
step 
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Concurrent Statements 

assign hack_char = hack__rrdy_char; 

assign #outdly rrdy = state_q = SWTXJ5 1 0_2; 
assign #outdly els - state_q = SWTXJ32 
assign #outdly opn = state_q = SWTX_P 1 7_4_j\S; 
assign #outdly opn_ad = state_q = SWTXJD17_4__AD; 



Signals Status 



SIGNAL 



SCOPE DEFAULT RESET STATUS 



els 
Opn 



opn_ad 
rrdy 

hack_char 



Out COMB 

OUT COMB 

OUT COMB 

OUT COMB 

INT COMB 



Declarations 

wire hack_char ; 
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Global Actions 
Process Declarations 

Declarations 

//wire [4:0] state_d; 
wire [9:0] hack_char ; 



Signals Status 

SIGNAL SCOPE DEFAULT RESET STATUS 



arb OUT COMB 

els OUT COMB 

eof OUT COMB 

lip OUT COMB 

opn OUT COMB 

rrdy OUT COMB 

sof OUT COMB 

hack_char INT COMB 



Concurrent Statements 

// assign state_d = swrx_fl[staie_q, rst, charjn, hack_miy_char); 
assign hack_char = hack_rrdy_char; 

assign #outdly sof = state_q =» SWRX_SOF; 
assign #outdly eof - state_q = SWRX_EOF; 
assign #outdly rTdy[2] = swrx_f = SWRXJD21_4_RRDY; 
assign #outdly rrdy[l] = state_q = SWRX_D21_4JIRDY; 
assign #autdly rrdy[0] = state_q =— SWRX_RRDY; 
assign #outdIy arb[2] = swnc_f = SWRXJ)20_4_ARB; 
assign #outdly arb[ 1 ] = state_q = SWRX JD20_4_ARB; 
assign #outdly arb[0] = state_q = SWRX_ARB; 
assign tfoutdly opn[2] = swrx_f = SWRX_D17_4_OPN; 
assign #outdly opn[l] = state_q — SWRX_D17_4_OPN; 
assign #outdly opn[0] = state_q = SWRX_OPN; 
assign #outdly cls[2] = swrx_f = SWRX_D5_4_CLS; 
assign #outdly cls( I ] = state_q = SWRX_D5_4_CLS; 
assign #outdly cls[0] = state_q = SWRX_CLS; 
assign #outdly lip[l ] = swrx_f — SWRX_LIP; 
assign #outdly lip[0] = state_q = SWRXJJP; 
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Declarations 

/ / r eg opn t rpsm_q ; 
//reg opntrpsm_f; 
/ /wire opn trpsm_d ; 
wire lip; 
wire lptx_opn; 
wire lptx_opnr; 
wire enable ; 

Concurrent Statements 

II hold opn in hub mode 

// wire opntrpsm_d; // hold opn in hub mode 

/* 

assign opntrpsm_d = opntrpsm_f(opntrpsm_q, rst, lipall, 

lprx_opn, lprx_cls, swrx_opn, sawbrdcst, 
do_opntrp); 

*/ 

// 

// Assign outputs. 

// 

assign #outdly otrp_idle = opntrpsm_q = OTRPJDLE; 
assign #outdly otrp_opn = opntrpsm_q — OTRP_OPN; 
assign #outdly otrpjiit = (opntrpsm_q = OTRP_OPN) & 
(opntrpsm_d = OTRP_IDLE) & lprx_cls; 
assign #outdIy otrp_miss = (opntrpsm_q — OTRPjOPN) & 
(opntrpsm_d = OTRPJDLE) & lprx_opn; 
assign lip = lipall; 
assign lpfx_opn = swrx_opn; 
assign lptx_opnr = sawbrdcst; 
assign enable - do_opntrp; 

Global Actions 
Process Declarations 



Signals Status 

SIGNAL SCOPE DEFAULT RESET STATUS 
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OUT 
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Concurrent Statements 
assign swstate = lpsm_swstate; 
assign hlstate = lpsm_hlstate; 
assign idle = lprx__idle; 
assign rrdy = lprx_jrdy; 
assign arbO = lprx_arbhi; 
assign lip = lprxjip; 
assign opnr = hold_opnr; 
assign opn = hold_opn; 
assign rxcls - lprx_cls; 
assign rxcls_q = lprx_cls_q; 
assign holdcls = hold_cls; 
assign sntcls = rxfwcls; 
/* 

assign lpstate_d = lpstate_f(lpstate_q, rst, 

nwrdcik, lpsm_swstate, lpsm_Mstate, 
plisten, 

switchjreq, lockjreq, lockmaster, 
disco, disco_done, panic_in, 
bypass, bcasten, campempty, 
flushdone, 

lprx_Jdle, lprx_rrdy, lprx_arbhi, lprxjip, 

hold_opnr, hold_opn, 

lprx_cls, lprx_jcls_q, hold_cls, rxfwcls, 

rxdcls, gclsing, gclsed, 

txdone, 

localdest, 

lclgnt, 

lcldny, 

rmtreq, 

txconidl, Ipwait); 
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always @(posedge lclk) 
lpstate_q <= lpstate_d; 
*/ 

assign lpsm_j>wstate_o = ~lpstate_q[4] | (lpstate_q = LPSM_SWLOCKING); 
assign lpsm_hlstate_o = lpstate_q[4] &. lpstate_q[3] &. 

~((lpstate_q = LPSM_HUBLOCKED) & 
(~lockmaster | bypass)); 
assign #outdly lpsm_swstate = lpsm_swstate_o; 
assign #outdly lpsm_hlsiate = lpsm_hlstate_o; 
assign #outdly lpstate_changed = lpstate_f != lpstate_q; 
assign flushcount_clr = rst | 

((lpstate.f = LPSH_HUB FLUSH) & 

(lpstate.q — LPSM_HUBLOCKJED)) | 

((lpstate_f — LPSNCSWFLUSH) & 
(lpstate_q = LPSM_SWLOCKED)); 
assign flushdone = (& flushcount_q); 

assign flushcown_d = flushcount_clr ? 5TiOO : flushdone ? flushcount_q : 
flushcount_q+ 1; 

// 

// Assign output values. 

// 

assign #outdly lpstate = lpstate_q; 
assign #outdly lpsm_mon = lpstate_q = LPSM_>10N; 
assign #outdly lpsmjbsy = lpstate_q = LPSM.J3SY; 
assign #outdly lpsm_arb = lpstate_q = LPSM_ARB; 
assign #outdly lpsm_relopn = lpstate_q — LPSMJIELOPN; 
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FIBRE CHANNEL ARBITRATED LOOP 
BUFFERLESS SWITCH CIRCUITRY TO 
INCREASE BANDWIDTH WITHOUT 
SIGNIFICANT INCREASE IN COST 

[0001] This is a continuation in part of a co-pending patent 
application entitled FIBRE CHANNEL LEARNING 
BRIDGE, LEARNING HALF BRIDGE, AND PROTO- 
COL, Scr. No. 08/786,891, filed Jan. 23, 1997, which is 
hereby incorporated by reference. 

FIELD OF USE 

[0002] Fibre Channel networks are known loop configu- 
ration networks that have a plurality of known type nodes 
such as servers, printers, disk arrays etc. all connected 
together by the loop. Such networks use a unique protocol 
involving a plurality of 40 bit primitives that are used to 
arbitrate for loop control, to establish connections and to 
carry out flow control for data transfers of frames of data. 
The flow control inherent to the Fibre Channel Arbitrated 
Loop network (hereafter FCAL nets) protocol has the advan- 
tage of eliminating the need for the nodes to have extensive 
buffering capabilities since the destination node controls the 
amount of data it receives by transmission of an RRDY 
primitive to the source node each time the destination node 
is ready to receive another frame. 

[0003] Fibre Channel networks emerged as a family of 
interconnection topologies to increase bandwidth over fast- 
wide SCSI networks and to increase the number of server 
and storage elements that can be connected to 126 over the 
16 device limit of SCSI. Advantages of FCAL include that 

numerous and that the size of data transfers is very large 
compared to the overhead that is required to set up every 
transfer. This makes l'CAI . very efficient and more attractive 
than less efficient protocols such as TCP/IP over Ethernet 
and SCSI over a bus connection. 

[0004] Hub based network topologies are generally desir- 
able because they overcome certain limitations on the num- 
ber of nodes that can be coupled to a network by, breaking 
it up into segments coupled by the hub. Many Ethernet 
networks use hubs as do token ring networks. Hubs in FCAL 
networks receive packets from a source node on an input line 
coupled to the source node and rebroadcast the packet on an 
output line coupled to the next node which rebroadcasts the 
packet to the next node and so on. The rebroadcast by 
subsequent nodes in the chain wastes computing resources. 
Switched topologies work differently in that packets are not 
rebroadcast, but instead are connected directly to the line 
coupled to the destination node thereby eliminating process- 
ing by other nodes which are not the destination to receive 
and rebroadcast messages not destined for that node. 
[0005] Despite their advantages, a significant problem in 
FCAL networks is delay and this delay increases as the 
network scales up in size. Each meter of cable contributes 5 
ns of delay. Further, each node contains an elasticity buffer 
or FIFO to absorb the differences between incoming and 
outgoing data rates. Data passing through a node enroute to 
its destination passes through the node-, elasticity buffer and 
suffers a typical delay of 3 words. Typically, disk clusters are 
10 drives to a cluster with each drive being one node and 
imposing its own delay. If there are 10 clusters coupled to a 
server, this would represent typically 5.3 microseconds of 



delay in transition of each primitive and data frame travel- 
ling around the loop. In other words, this delay is imposed 
on each loop tenancy. In an I/O operation, there are typically 
4 tenancies for a write to disk, each involving 3 "round 
trips": ARB, OPN-RRDY and Data/CLS (see ANSI standard 
X3T10 FCP which is hereby incorporated by reference). 
Thus, 12 delays would be suffered by each command 
transaction. On a 100 node loop, this translates to approxi- 
mately 64 microseconds of delay per command. 
[0006] The command overhead of modern disk drives is 
around 200 microseconds and falling. The delay per com- 
mand coupled to the command overhead of the drive 
imposes a significant penaly on performance of approxi- 
mately 32%. For random access benchmarks with small I/O 
payloads typical of database queries, the performance pen- 
alty becomes more pronounced. The problem manifests 
itself as the inability of the server to achieve more I/O 
operations per second, regardless of how many more disk 
drives are added to the system. 

[0007] Spatial reuse provided by switches or hubs which 
allow concurrent loop tenancies is one way of reducing the 
delay problem. The IBM serial storage architecture in the 
prior art is one method of providing spatial reuse. 
[0008] Connection oriented switched topologies were 
tried in early Fibre Channel Fabric networks to attempt to 
overcome the delay problems of loops by cutting down the 
number of nodes each primitive and data frame passes 
through in getting from source to destination and providing 
spatial reuse. These early fabric switches were complicated, 
expensive and slow, all of these characteristics being found 
quite undesirable by artisans of FCAL networks. In the early 
FC Fabric switches, an entire frame of data with a header 
that indicated the destination node to which the frame was 
directed was sent to the switch for purposes of requesting a 
connection. These early switch designs had microprocessors 
which were used to implement several layers of software 
architecture to receive the frame, pass it up through various 
layers of processing to find the frame boundaries, crack the 
frame open, determine its destination address and then 
attempt to find the destination node and make the switching 
connection. The entire frame of data had to be buffered 
during this process of attempting to find the destination and 
make the proper connection. It was possible in this early 
design that the connection was never made, because, for 
example, the destination node was busy with another con- 
versation. The switch would then have to send a message 
back to the source that no connection was made and to try 
again later. Because of limited buffer space in the switch, the 
data in the original frame might need to be overwritten by 
other data from a frame of data embodying another request. 
In such a case, the switch would have to send another 
message to the source saying, "Sorry, I lost your data. 
Execute error recovery protocol." Error recovery protocols 
further complicated the operation and contruction of such 
systems. If a connection is made, the switch receives another 
frame of data back from the destination. This frame also 
must be received, have its boundaries detected and must be 
cracked open to examine its contents to see if the destination 
is saying, "Yes, I am available for a connection." This type 
of switch proved to be unworkable and ( '( 'AL loops became 
ihe standard interconnect for 'disks and servers. 
[0009] Prior art Fibre Channel switches are commercially- 
available from Ancor and Brocade Communications which 
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provide spatial reuse and efficient link utilization. The 
FL_ports connected to these sw itches also address physical 
delays as they pertain to FCAL. However, these switches 
require link rate frame buffering to accomplish their perfor- 
mance levels, and also operate on the entire 24-bit address 
contained in the FC frame. In contrast, the invention 
described herein uses zero buffering and an 8-bit address 
decode for a much more efficient and inexpensive design. 
Many network switched topologies that use entire frames of 
data to request a connection through the switch suffer these 
same drawbacks. The need for errory recovery protocols 
arise because of the potential for lost data arising from the 
fact that only limited amount of memory can be put in the 
switch at realistic costs, and in heavy traffic situations, the 
memory may be exhausted and some portion thereof may 
have to be rewritten with new data before the original data 
is delivered. Memory is expensive, takes up space and 
complicates the design. 

[0010] Examples of other network topologies other than 
Fibre Channel Fabric that suffer these same drawbacks are 
the 1 Gigabit Ethernet® and ATM protocol networks now in 

[0011] The Fibre Channel Arbitrated Loop (FCAL) topol- 
ogy emerged as a way of providing simple, low-cost con- 
nectivity to more nodes over a shared media than could be 
provided in poinl-lo-poinl topologies without the require- 
ment for an expensive fabric switch I ( Al networks allow 
up to 126 node ports to be coupled by a shared media using 
a simple protocol without the need for a separate fabric 
switch. Unlike the switched fabric topology which has a 
centralized approach to routing, FCAL networks distribute 
the routing function to each loop port. This reduces the cost 
of achieving interconnection since the loop functionality 
represents a relatively small addition to the normal port 
functionality that has to be present anyway. However, FCAL 
networks suffer the disadvantage that the number of con- 
current interconnections possible is smaller than in switched 
fabric networks because FCAL networks are fully blocking 
topologies such that only two pairs of nodes on the loop can 
communicate al any particular lime. All other nodes have to 
wait until the first pair arc done communicating before the 
loop is available for another pair to communicate. The 
address space is also limited to 126 nodes Another problem 
with FCAL topologies is that traffic originating from a 
source node had to travel through each intermediary node on 
the loop portion between the source node and a destination 
node. Since each node imposed a delay, the overall hand- 
width was decreased since each loop tenancy involved a 
protocol wherein OPN, RRDY and CLS primitives and data 
frames had to travel through all these intermediary nodes in 
order to complete the loop tenancy. Since no other pair of 
nodes could communicate until the loop tenancy was com- 
plete, the delays in transmission imposed by each node on 
each portion of the protocol decreased overall bandwidth 
and throughput. 

[0012] In an attempt to further increase bandwidth and 
concurrency without the extremely high cost of fabric 
switches, combinations of FCAL loops with smaller fabric 
switches have been devised. This allows the cost per port of 
the fabric switch to be amortized over the the total number 
of ports including those coupled to the sub loops coupled to 
the switch. 



[0013] The problem with the approach of coupling mul- 
tiple FCAL loops together by a fabric switch is that each 
FCAL subloop must be coupled to the fabric switch by a 
complicated port called an FL_port. These are ports which 
must be able to understand the FCAL loop protocol on one 
side of the port and interface it with the very different and 
substantially more complex fabric switch packet switching 
protocol on the other side of the port while also having 
bridging functionality. Such FL_ports must have protocol 
layers that understand each protocol and can do packet 
routing and communicate with each other. 

[0014] Further, FL_ports are expensive to build. This is 
because of the inordinate amount of buffer memory that is 
needed in the front end of the FL_port to reconstruct the 
sequences of packets contained in one FCAL tenancy. Mod- 
ern day connectionless fabric switch protocols are pure 
packet switching while FCAL loop tenancy protocols are 
single conversations which tend to be like a simple switched 
circuit and contain many packets. That is, the FCAL loop 
tenancy protocol starts with an OPN primitive directed to a 
destination node which responds with an RRDY directed to 
the source. These primitives set up switches in the nodes so 
that the source and destination nodes talk directly to each 
other through the loop segment between them and the 
intervening nodes by sending one or more frames of data 
until a CLS primitive is sent which ends the conversation. 

[0015] In contrast, the packet switching done by an 
FL_port on the switch backplane side is not nearly this 
simple. The packet switching protocol requires the FCAL 
frames output by a source node to be treated as many 
individual packets. Those packets must be routed to the 
correct destination FL_port and reassembled there without 
loss of data and launched on the FCAL loop on which the 
destination port is resident. Thus, FL_ports will receive 
packets from the fabric switch side and data frames and 
primitives from the FC'AI. loop side and must have the 
memory and intelligence to convert between the two proto- 

[0016] In the treatise Kemble, Arbitrated Loop, Chap. 1, 
pp. 18-19, Figure 12, Published by Connectivity Solutions, 
Tucson, Arizona (1996), ISBN 0-931836-82-4, Kemble pro- 
poses a "Smart Hub" conceptual network. This network is 
comprised of a plurality of FCAL loops coupled together by 
a smarl hub which has the iniclligcncc to provide indepen- 
dent operations within each loop. When a source node want 
to exchange dala with a destination node, it arbitrates lor its 
local loop and attempts to establish a loop connection with 
the destination. If the destination is local, the smart hub 
simply acts as a repeater. If the destination port is not local, 
the smart hub intercepts the attempt to establish a loop 
connection, acquires access to the proper destination loop 
and establishes the loop connection between the source and 
destination loops acting like a bridge. Thus one loop can talk 
to another w ithoul affecting activity which is purely local to 
the other loops not involved in the connection, but the other 
loops cannot set up simultaneous connections to nodes on 
other loops during the tenancy across the smart hub of the 
first cross-boundary connection between the two loops 
already connected across the smart hub. This type arrange- 
ment cannot satisfy the need for a fast switch which is 
affordable and provides the ability for multiple pairs of ports 
to communicate simultaneously across the switch. 
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[0017] As a response to the limitations on concurrency 
present in conventional FCAL topologies, the assignees of 
the present invention devised a network topology using 
intelligent hubs each of which had routing intelligence and 
each of which had its own subloop coupled to a plurality of 
conventional L_port nodes of a type used in conventional 
FCAL topologies. Each hub was coupled to each other hub 
by a broadcast data path and a return data path. By watching 
the addresses in the OPN primitives and the flow of primi- 
tives, the hubs were able to deduce the location of the source 
and destination nodes and cut out all subloops and nodes 
thereon that were not necessary fur communication between 
the source and destination nodes thereby decreasing unnec- 
essary delay in completing each loop tenancy and increasing 
bandwidth. Further, some concurrency was supported in that 
tenancies between source ant! destination nodes on the same 
subloop could be completed simultaneously on each sub- 
loop, thereby further increasing throughput. This technology 
is described in U.S. Pat. No. 5,751,715 which is hereby 
incorporated by reference. 

[0018] The assignee of the invention has also filed a 
co-pending patent application on a learning bridge for FCAI. 
topologies such that two or more FCAL loops can be 
coupled together by bridges. The bridges have the intelli- 
gence to examine the destination addresses of OPN primi- 
tives received from their local loops and watch the primi- 
tives of loop tenancies and the loops from which they came 
and to learn the locations of various nodes on the loops to 
which they are coupled. Each bridge then forwards OPN 
primitives from one loop to another if the destination node 
is on a different loop than the source node, but keeps the 
OPN local to the same loop as the source is on using a local 
bypass data path if the destination and source nodes are on 
the same loop. This provides the ability for concurrent loop 
tenancies to be occurring on the two loops coupled to the 
bridge, although only one loop tenancy per loop is allowed 
at any particular time. This technology is described in the 
parent application incorporated by reference herein. 
[0019] Despite these improvements over standard FCAL 
topologies provided by the assignee, there is still a need for 
further improvements in concurrency without the increased 
cost and increased protocol complexity of fabric switches. 
What is needed is a w ay to achieve the high concurrency and 
bandwidth of fabric switch topologies without the high cost 
thereof. Therefore, a need has arisen for a relatively simple. 
FCAL switch which has little or no buffer memory needed 
therein and which is capable of establishing connections 
very fast. Fundamentally, what the prior art is missing is a 
switch which can couple multiple FCAL loops together with 
high concurrency and the speed of a fabric switch that uses 
N-ports and does not couple FCAL loops together without 
the expense, complexity, memory demands and slowness of 
fabric switches that use FLjorts (FL_ports can support fast 
switching, but the amount of memory needed makes the cost 
prohibitive). This switch, in an ideal world, would have 
multiple ports, each of which is coupled to an FCAL loop or 
an NL node and provide concurrency such that each port can 
talk to any other port at any time the other port is not already 
tied up in another loop tenancy. 

SUMMARY OF THE INVENTION 

[0020] Two important attributes of all species within 
genus of the invention are: first, the use of the destination 



address in an FCAL OPN primitive (hereafter referred to as 
an OPN) instead of a frame header of a frame of data to find 
the destination node and establish the connection through 
the switch; and, second, using the normal flow control 
primitives of the FCAL protocol for hold back purposes to 
eliminate the need for large buffer memories in the switch 
and so as to implement a switching protocol to stream 
complete data frames from source to destination without 
storing any data frames in the switch, and without any 
packetizing, and without any segmentation and reassembly 
processing, and without any error recovery protocols to 
retransmit dropped frames. Any species that shares these 
two characteristics is within the preferred genus of the 
invention. This preferred genus qualifies for class 2 Fibre 
Channel operation where frames cannot be dropped because 
the flow control nature of the switch prevents frames from 
ever being dropped because they are only transmitted when 
the destination node has indicated it can receive them. The 
preferred genus can also be operated in class 3 Fibre 
Channel operation where it is permissible to drop frames and 
upper level protocols do error recovery for dropped frames 
even though the switch never drops frames. 
[0021] A separate second genus of FCAL switches, suit- 
able for Class 3 fibre Channel operation only, still uses the 
destination address in the OPN to find the remote port but 
uses buffers instead of hold back How control to cumplctc 
Ihe transaction lo busy remote ports. Specifically, species 
within this genus will use the destination address of the OPN 
from the source node to find the location of the remote port. 
Then the status of that port will be checked. If the status is 
available, a connection request will cause a connection to be 
set up between the source node and the destination node via 
a source port connected to the source node and a destination 
port connected to the destination node. The buffer comes 
into play when the destination port is busy In this situation, 
in the first genus described above, the normal primitives of 
the FCAL protocol are used lor flow control to prevent the 
source node from transmitting any frames of data until the 
destination port becomes available. In the second genus 
defined in this paragraph, a buffer big enough to hold one or 
more complete frames of data is included in the front end of 
each switch chip, or multiple buffers each big enough to 
store a frame of data are included with each switch chip front 
end. Each of these buffers will serve as an auxiliary switch 
port and have its ow n connection to the backplane in some 
species or a single shared connection to the backplane 
through a multiplexer can be used. The preferred species 
uses multiple buffers each with its own connection to the 
backplane in addition to a connection directly from the 
switch port to the backplane for direct connections without 
buffering. In some species, a single shared buffer or multiple 
shared buffers on the backplane or in some central location 
may be used. 

[0022] In this second genus, the way the buffers are used 
is for the source port to generate an RRDY sua sponte when 
it finds from a check of the scoreboard that the destination 
port is busy. The RRDY is sent to the source node and causes 
it to output a frame of data. This frame of data is stored in 
the switch port's buffer. Then a message is sent to the 
destination port indicating that the auxiliary buffer of the 
switch port is holding a frame of data for the destination 
port. This auxiliary buffer ID is added to the camp list for the 
destination port. When the destination port becomes avail- 
able, a message is sent back on the protocol bus indicating 



US 2003/0108061 Al 



4 



Jun. 12, 2003 



that the destination port is now available and naming the 
backplane channel to use. A connection through the back- 
plane is then established to this channel by the auxiliary 
buffer connection circuitry and the destination port, and the 
data in the auxiliary buffer is transmitted. If the switch port 
has multiple auxiliary buffers, they each have their own IDs 
and, preferably, each has its own switching circuitry to make 
a connection to the backplane. 

[0023] In this second genus, each auxiliary buffer has 
circuitry coupled to the return path to recognize RRDYs 
transmitted back by the destination node and to count them 
(or store them) and to wait for a connection between the 
source port and the RRDY counting circuit if the connection 

buffers are present in each switch port. These stored RRDYs 
(or self generated in the case of a count only) can be 
transmitted to the source node in the case of full duplex or 
mixed with frames from a third node in the case of a dual 
simplex connection and transmitted to the source node. Each 
source port also has shared circuitry for each I ( AL net 
which recognizes incoming RRDYs from the source node 
and counts them or stores them. These source node generate 
RRDYs can be transmitted to the destination node in the 
case of full duplex or transmitted to a third node in the case 
of dual simplex. 

[0024] Returning to consideration of the first genus, the 
normal buffer by buffer accounting and the hold back, 
handshaking nature of the FCAL loop protocol with large 
data frames makes this genus of switches possible and also 
very efficient. 

[0025] The FCAL OPN primitive is a small 40 bit quantity 
which includes a code indicating it is an OPN primitive and 
includes a destination address, and an optional source 
address if the OPN is full duplex. Receipt of the OPN starts 
the process carried out by the switch of finding the desti- 
nation and causes establishment of the connection or a 
notification to the source that the connection could not be 
established before any data frame is ever transmitted to the 
switch. This lack of transmission of any large data frame 
before establishment of the connection means that the 
switching circuits connected to each FCAL loop coupled to 
the overall switch structure do not need to have buffer 
memories to store the data while the connection is being 
made or the fact that a connection is not possible is estab- 
lished. This allows for greatly simplified hardware. This 
means lower costs and greater density of ports per chip. This 
cost advantage is a significant improvement over prior art 
approaches. 

[0026] The major subclass of embodiments taught herein 
uses a plurality of ports for connection to individual FCAL 
loops, and a crossbar switch which couples the ports 
together and which can implement any number of separate 
data transfer channels under control of the ports with the port 
using the destination address information in the OPN primi- 
tives to determine whether or not a connection through the 
backplane from one port to another is needed. In the 
preferred species, the pons are integrated circuits with many 
ports on one chip and a portion of a distributed crossbar 
switch also integrated on the chip to selectively couple the 
integrated circuit to one of the backplane data path channels. 
Each port is essentially a learning bridge front end with an 
interface to the crossbar switch on the backend. 



[0027] Fairness is provided, in the preferred embodiment, 
by a fairness token which circulates to all the ports and 
which, when held by a particular port, gives that port "high 
priority status". This means that if an OPN comes in to a port 
with the fairness token in its possession and the destination 
node is on a remote port, the high priority status of that port 
means that it can "camp" on the remote port and wait for it 
to be available and it is guaranteed-access to the destination 
node no matter how busy it is. Since the fairness token 
circulates, no port will ever be starved from communication 
with a busy node. 

[0028] Different variations or species within the subclass 
are taught. Distinctions between species within the subclass 
are based upon: the way the destination node is found; the 
way in which the first port coupled to the source node signals 
the second, remote port that there is traffic waiting for one 
of the NL nodes to which it is coupled; whether the crossbar 
switch is central or distributed; whether the complete routing 
table is stored in each port or there is a single separate 
routing table, or whether there are partial routing tables 
stored in each port; whether a scoreboard is used or not to 
determine the status of a remote node; and, if a scoreboard 
is used, whether it is distributed with a copy in each port or 
centralized and shared by all ports. All these variations 
between species and combinations of variations are equiva- 
lent to each other even though each lias its own peculiar 
advantages and disadvantages. 

[0029] As an example of variations between species 
within the inventive genus defined above consider the fol- 
lowing. Location of the destination node can be by any of 
several means since the OPN includes the destination 
address therein. In one embodiment, the destination address 
from the OPN is use to address a lookup table which outputs 
data as to which loop the destination node is on and to which 
switch chip or port coupled to the destination loop the 
switching connection should be made. This embodiment has 
the advantage that all the connection information is imme- 
diately available. This allows the connection to occur more 
rapidly. The disadvantage of this species is that the look up 
table is larger and each port must carry a full copy of the 
routing table. 

[0030] One alternative embodiment uses a destination 
location process wherein the destination address of the OPN 
from the source node is used to address a lookup table 
(hereafter LL I ) which only outputs a single bit indicating, 
in one logic state, that the destination node is "local", i.e., on 
the same FCAL network as the source node, or indicating, 
in the opposite logic state, that the destination node is not on 
the local loop. If the destination is not local, the destination 
address is broadcast as a location request to the other switch 
chips coupled to the other FCAL networks connected to the 
switch. Each of the other switch chips then checks its local 
LUT using the desl in alii mi address to determine if it has the 
destination node on its loop. The switch chip that has the 
destination noele finds this out from data returned from its 
local LUT and then sends a message to the switch chip 
coupled to the loop having the si >n rcc m >dc telling it to where 
the connection is to be made and whether the connection can 
be made, i.e., the loop upon which the destination node is not 
busy in another conversation and is available for the con- 
nection. The advantage of this species is a smaller routing 
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lookup table may be used in each port. The disadvantage is 
the requirement of more message traffic between chips 
resulting in slower response. 

[0031] An example of an FCAL switch within the genus of 
the invention is a bufferless switch for coupling to a plurality 
of FCAL nets and having a crossbar switch and FCAL loop 
interface port circuits structured to use the OPN and RRDY 
primitives of the FCAL protocol for hold back flow control 
to eliminate the need for a buffer with the ports and crossbar 
switch structured to provide multiple simultaneous loop 

[0032] One embodiment for a protocol within the genus of 
protocols which define the rules to set up a connection 
through an FCAL switch within the genus of the invention 
between a source node and a destination node and transfer 
data therebetween is: 

[0033] 1) in a source node, arbitrating for and win- 
ning control of a first FCAL net and transmitting an 
OPN primitive thereon, the OPN primitive having a 
destination address of a destination node therein; 
[0034] 2) receiving and latching at a first port of an 
FCAL switch the OPN primitive from the source 
node coupled to the first port by the first FCAL net; 

[0035] 3) using the destination address in the OPN 
primitive as a search key to search a routing table to 
find the location of a destination node having the 
destination address in the OPN or the ID of a port 
coupled by an FCAL net to the destination node, or 
both, and, if the destination node is coupled to the 
first port, passing the OPN primitive to the destina- 
tion node via the first port via a local bypass data 
path coupling an input of the first port to an output 
of the first port coupled to the first FCAL net, but, if 
l he destination node is coupled to a second port other 
than the first port, controlling a crossbar switch to 
establish a data path between the first and second 
ports and determining if the second port is available, 
and, if so, sending the OPN primitive to the second 
port indicating traffic is waiting to be sent to said 
destination node and latching the ( )PN in said second 

[0036] 4) in the second node, arbitrating for control 
of a second FCAL net coupled to the second port; 

[0037] 5) when control of the second FCAL net is 
won following said arbitration, forwarding the OPN 
to the destination node; 

[0038] 6) receiving an RRDY primitive or a CLS 
primitive from the destination node in the second 
port and transmitting the primitive so received to the 
source node through a connection established across 
crossbar switch, and through the first port and the 
first FCAL net; and 

[0039] 7) for each RRDY received by the source 
node, transmitting a frame of data to the destination 
node through the first FCAL net, the first port, the 
data path through the crossbar switch, the second 
port and the second FCAL net without ever storing 
it in a buffer in the switch, and continuing to pass 
data frames and primitives between the source and 
destination nodes, until a CLS primitive is transmit- 



ted by either the source node or the destination node, 
and then closing the data path through the crossbar 
switch and relinquishing control of the first and 
second FCAL nets. 

[0040] The preferred subclass of the switch utilizes the 
concepts of the learning bridge taught in the parent appli- 
cation incorporated by reference herein for front end cir- 
cuitry coupled to the FCAL net with backend circuitry which 
is coupled to a crossbar switch. The bridging front end uses 
the destination address in the OPN to decide whether or not 
to connect the front end circuitry to the back end circuitry. 
The crossbar switch implements a plurality of completely 
separate data paths through the switch each of which can 
couple two port together. The provision of multiple separate 
data paths through the crossbar switch eliminates any bottle- 
necks which could occur if a multiplexed data bus were to 
be substituted for the crossbar switch. Il is within the genus 
of the invention however to substitute a multiplexed bus for 
the crossbar switch using any form of multiplexing. 
[0041] Thus, the switch apparatus genus could be gener- 
ally described as including multiples species, each com- 
prised of a plurality of half bridges, each with a front end for 
connnecting to an FCAL loop and a backend coupled to 
cither a crossbar switch or a nuiltplcxed bus along with 
suitable control circuitry to use the destination addresses in 
OPN primitives to determine whether a connection between 
two ports through the crossbar switch or multiplexed bus is 
necessary and, if necessary, for establishing the connection. 

[0042] In the preferred embodiment, each half bridge is 
one port. In the preferred embodiment, the half bridges arc 
implemented as integrated circuits w ith a multiplicity of half 
bridges on every chip w ith each half bridge building its own 
routing table by a passive learning process. An alternative 
embodiment uses an active discovery process to build the 

[0043] The switch architecture can be thought of as a 
multi-port switch with a stack of learning half bridges 
substituted for each FL_port of a prior art fabric switch, with 
each half bridge on each layer being coupled to its own local 
FCAL loop or single NL node. The other side of each half 
bridge is connected to the high speed crossbar switch in the 
preferred embodiment so that it can be connected to the 
other half bridges. The crossbar switch can be though of a 
stack of separate layers of separate high speed backplane 
Jala paths connecting all the half bridges together by way of 
a switching network between the high speed backplane data 
path layers. The switching network functions to establish 
selective connections between layers and can be controlled 
such that any bridge on any layer can talk to any other bridge 
on any other layer. This allows multiple concurrent connec- 
tions across the switch between a plurality of pairs of source 
nodes on one loop and a plurality of pairs of destination 
nodes on other loops or source and destination nodes 
coupled individually to half bridges. The switch architecture 
allows simultaneous purely local loop tenancies on any 
FCAL net coupled to any particular half bridge so long as 
another node on the FCAL net is not involved in a loop 
tenancy which involves communication across the switch 
from one port on one FCAL net to another port on another 
FCAL net. 

[0044] Flow control using the OPN primitive only to 
establish connections across the switch is used to eliminate 
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the need for large amounts of memory. As a result, the switch 
is capable of operating at a high throughput rate, but neither 
the half bridges nor the crossbar switchc s has the amount of 
memory of an FL_port of a fabric switch that would he- 
required to make the fabric switch capable of operating at 
the same throughput rate. 

[0045] Another significant advantage of the invention is 
that the nodes on the individual FCAL nets can be conven- 
tional NL node designs which already exist. An NL node is 
a node on an FCAL net which understands and can imple- 
ment the FCAL flow controlled loop connection protocol 
between source and destination nodes to transfer data using 
OPN, RRDY and CLS primitives and large data frames. 
Because the embodiments of the switches described herein 
are all compatible with conventional NL nodes, the genus of 
switches described herein has the advantage that when the 
network is upgraded, only the switch needs to be upgraded 
and all the nodes can remain the same thereby saving 
substantial expense to the customer. 

[0046] Dual simplex capability is also taught to improve 
the throughput of any network of FCAL nets coupled by any 
type of switch. Dual simplex capability allows a source node 
on a first H'AI. net which is transmitting data on a Iron! 
channel connection to a destination node on a second FCAL 
net through a switch connection to simultaneously receive 
data via a back channel connection from a third node on a 
third FCAL net. This is advantageous to improve throughput 
because in many cases, destination nodes to which data has 
been transmitted have no data to transmit back to the source 
node that sent them the data while other nodes do have data 
to be transmitted to the source node. 

[0047] Dual simplex capability is accomplished in all 
species within the genus of the invention to further increase 
throughput. It is accomplished bv three basic steps, illus- 
trated in FIG. 15: 

[0048] 1) establishing a front channel half duplex 
data path between a source node and destination 
node on different FCAL nets (step 350) and stripping 
and storing or counting any buffer credit RRDY 
primitives output by the source node and not trans- 
mitting them to the destination node (step 352); 

[0049] 2) establishing a back channel data path 
between a third node and said source node but not 
transmitting to said source node any OPN primitive 
emitted by saiil third node (step 354). and transmit- 
ting a number of RRDYs either equal to the number 
of RRDYs output by said source node or the number 
of RRDYs needed by said third node to send all the 
data it has to said source node before closing said 
back channel connection (step 356), transmission of 
said RRDYs being one at a time — any excess 
RRDYs not used by the third node are saved for use 
by another third node in a subsequent dual simplex 
back channel connection; and 

[0050] 3) receiving any RRDYs transmitted by said 
destination node and mixing them in with data 
frames and/or primitives transmitted on the back 
channel by the third node so as to exercise flow 
control on transmissions of data frames from the 
source node to said destination node (step 358). 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0051] FIG. 1 is a drawing of one example of an FCAL 
switched architecture according to the teachings of the 

[0052] FIG. 2 is a drawing of another example of an 
FCAL switched architecture according to the teachings of 
the invention having multiple subloops within some of the 
FCAL coupled to the switch. 

[0053] FIG. 3 is a block diagram of the preferred switched 
FCAL architecture. 

[0054] FIG. 4 is a flow chart of the processing which 
occurs for a purely local transaction. 

[0055] FIG. 4 is a block diagram of the general preferred 
architecture of a switch to couple a plurality of FCAL nets 
to provide spatial reuse. 

[0056] FIG. 5 is a block diagram of the specific preferred 
"switch slice" architecture of a switch to couple a plurality 
of FCAL nets to provide spatial reuse with multiple port 
circuits and a portion of the crossbar switch integrated on 
each switch chip. 

[0057] FIGS. 6A through 6C are a flow diagram of a 
routing algorithm for general switch mode operation (non 
dual simplex). 

[0058] FIG. 7 is a block diagram of the preferred archi- 
tecture of each switch chip in the FCAL switch system. 

[0059] FIG. 8 is a diagram of an FCAL switch with two 
switch chips configured to run in hub mode. 

[0060] FIG. 9 is a diagram of an FCAL switch system 
with two switch chips configured to run in switch mode and 
illustrating loop-local, chip-local and remote port simulta- 
neous loop tenancies. 

[0061] FIG. 10 is a block diagram of the multiplexer 
structure in each switch chip thai allows port bypass mode, 
parallel loopback mode and serial loopback mode to be 
implemented. 

[0062] FIG. 1 4 is a table describing and naming each state 
in the loop port stale machines of each port of each switch 
chip. 

[0063] FIG. 12 is a table of the source port fill word 

generation for various input words and states. 

[0064] FIG. 13 is a table of the destination port fill word 

generation for various input words and states. 

[0065] FIGS. 14A through 14E are diagrams of the five 

different message formats on the protocol bus. 

[0066] FIG. 15 is a generic flow diagram illustrating the 

minimum basic steps each species in the genus of the 

invention would have to carry out to implement dual sim- 

[0067] FIGS. 16A through 16D are a flow chart of the 
specific steps carried out by the preferred embodiment to 
carry out dual simplex communications. 

DETAILED DESCRIPTION OF THE 
PREFERRED AND ALTERNATIVE 
EMBODIMENTS 
[0068] The published Fibre Channel Arbitrated Loop stan- 
dards memorialized in the following ANSI standards are 
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hereby incorporated by reference: X3. 230-1994 describing 
the physical and signalling interface; X3.297-1996 describ- 
ing the physical and signalling protocol; X3. 272-1996 
describing the general FCALprotocol and TR-20-199X, Til 
Project 1235-DT, Fibre Channel Fabric Loop Attachment 
(FC-FLA). 

[0069] Referring to FIG. 1, there is shown one embodi- 
ment of a switched FCAL architecture. FCAL switch 10 is 
coupled to four FCAL networks (hereafter sometimes 
referred to as FCAL nets) 12, 14, 16 and 18 in this example. 
Each FCAL net can have one or more NL nodes thereon. 
Each of the four FCAL networks is coupled to a plurality of 
NL nodes which have conventional structure and which can 
carry mil 1 ( Al. arbitration, data transfer and How control 
operations on the FCAL networks. Each node is assigned an 
address from one of the 127 possible FCAL addresses. 
[0070] In FIG. 1, each node is given a number symbol- 
izing its address designated in the figure by N and a number 
inside the circle symbolizing the node. 
[0071] The function of the switch 10 is to increase total 
throughput of the system by allowing concurrent conversa- 
tions to be occurring between pairs of NL nodes, and by 
doing so in a manner that is not limited by any restriction 
against "crossing conversations" in the switch itself. A new 
standard for FCAL topology proposed by IBM involves 
counterrotating, separate FCAL rings with nodes coupled to 
both counterrotating rings. This allows concurrent conver- 
sations to occur, but the conversations cannot "cross", i.e., it 
is illegal in this protocol for both conversations to require the 
same segment of an FCAL as part of the data path for the 
conversation. "Conversation", as that term is used herein, 
means a data transfer between two different nodes. The 
function of the switch 10 according to the teachings of the 
invention is to allow as many concurrent conversations as 
possible except that no two source nodes can be talking to 
different destination nodes on the same FCAL network. In 
other words, each of FCAL networks 12, 14, 16 and 18 is 
limited to only one conversation at a time even though data 
flow from multiple conversations may be simultaneously be 
flowing through switch 10. This is done by establishing 
"virtual channels" for each conversation through the switch 
using separate dala paths (or multiplexing techniques in 
some embodiments). The physical configuration of the 
switch 10 is not cniTcnlly believed to be important so long 
as it uses the destination address in each OPN from a source 
node to control setting up a separate data path through the 
switch for transfer of data between that source node and a 
destination node and uses flow control primitives of the 
FCAL protocol to control the flow of data such that the 
switch does not need to have a buffer memory big enough to 
hold an entire FCAL frame. 

[0072] The fact that only 127 addresses are possible is an 
inherent limitation of the FCAL protocol but it is also an 
advantage in the following way. Because there are only 127 
possible addresses, no microprocessor is needed in the 
switch. With a manageable address space, the location of the 
destination node can be determined by looking up the 
destination addresses using a state machine and a lookup 
table in each switch control circuit coupled to an FCAL 
network. The lack of a microprocessor both makes the 
switch laster and cheaper. 

[0073] In the topology of FIG. 1, each FCAL network 12, 
14, 16 and 18 has a one Gigabit/second data throughput 



capacity. Therefore, the maximum throughput of the system 
shown would be 4 Gigabits/second if each of the FCAL 
networks 12, 14, 16 and 18 had a purely local conversation 
occurring thereon. 

[0074] One way that the FCAL switched architecture 
according to the teachings of the invention can increase 
throughput is to allow multiple local conversations to occur 
on each FCAL network through use of bridges. An example 
of a topology that can take advantage of this feature is shown 
in FIG. 2. There, switch 10 is coupled to FCAL networks 12, 
14, 16 and 18. However, FCAL network 12 is divided into 
two FCAL subnetworks 12 and 20 by FCAL bridge 22, and 
FCAL network 14 is divided into two FCAL subnetworks 14 
and 24 by FCAL bridge 26. Likewise, FCAL network 16 is 
divided into three FCAL subnetworks 16, 28 and 30 by 
FCAL bridges 32 and 34. FCAL bridges 22, 26, 34 and 32 
can have the construction detailed in co-pending U.S. patent 
application entitled FIBRE CHANNEL LEARNING 
BRIDGE, LEARNING HALF BRIDGE, AND PROTO- 
COL, Ser. No. 08/786,891, Filed Jan. 23, 1997, the contents 
of which are hereby incorporated by reference. The maxi- 
mum throughput in the topology of FIG. 2 would occur 
when each subloop was having a purely local conversation. 
In the topology of FIG. 2 with 8 subloops, the maximum 
throughput would be 8 Gigabits/second. 

[0075] FIG. 3 is a high level block diagram of the inter- 
nals of the FCAL switch 10 for the preferred embodiment 
using a crossbar switch 44 to make the switched electrical 
connections between FCAL networks 12, 14, 16 and 18. 
Each of the FCAL networks 12, 14, 16 and 18 is coupled to 
its own switch control circuit, i.e., switch control circuits 36, 
38, 40 and 42, respectively. The switch control circuits 36, 
38, 40 and 42 are distinguished from switch control circuits 
of prior art switch designs by the fact that none of them have 
buffer memory therein large enough to store an entire frame 
of data or enough memory to carry out the packetization 
process of prior art switch designs. 

[0076] The function of the switch control circuits 36, 38, 
40 and 42 is to transmit primitives and data involved in 
FCAL arbitration, data transfer and flow control to the 
appropriate loop segment, do bypass switching when a 
conversation is completely local so as to bypass the crossbar 
switch 44. to collectively locate the destination nodes when 
OPNs are received, and to send appropriate control signals 
lo Ihe crossbar switch once the destination node has been 
located so as to connect the appropriate FCAL networks 
together to complete the conversation. 

[0077] The crossbar switch 44 has 4 inputs and 4 outputs 
with 1 input and 1 output for each FCAL. The crossbar 
switch serves to make a data path through the appropriate 
switch control circuit to the input and output of one FCAL 
having the source node thereon to the output and input, 
respectively of another FCAL having the destination node 
thereon through the appropriate switch control circuit so as 
to provide a channel through which the conversation 
between the source node and the destination node may 
proceed. The crossbar switch must be able to simultaneously 
connect the input and output of another FCAL having 
another source node thereon to the output and input, respec- 
tively of yet another FCAL having another destination node 
thereon to provide a data path or channel for a second 
concurrent conversation. This concept is extended for as 
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many pairs of FCAL as are connected to the switch. The 
particular connections that are made are controlled by enable 
signals on control buses 46, 48, 50 and 52. These enable 
signals are generated by the switch control circuits based 
upon the locations of the destination nodes for the concur- 
rent conversations. Any crossbar switch that can perform the 
above described function will suffice providing it can sup- 
port the necessary data rate and traffic volume. 

[0078] The switch control circuits 36, 38, 40 and 42 are 
coupled by a protocol bus 54. In some embodiments, this 
protocol bus may be multiplexed using any multiplexing 
scheme such as TDMA. In other embodiments, crossbar 
switch 44 can be omitted and a l'DMAbus substituted with 
timeslot assignments taking the place of assignments of 
particular backplane channels through the crossbar switch 
and messages on the protocol bus updating all switch ports 
with information about which timcslots arc in use and which 
timeslots are available. 

[0079] Referring to FIG. 4, there is shown a block dia- 
gram of the general architecture of the preferred fibre 
Channel switch. The switch is comprised of a crossbar 
switch 100 coupled to a plurality of learning half bridges 
such as are represented typically by blocks 102, 104 and 
106. Each learning half bridge has a port having an input and 
an output for coupling to separate input and output wires or 
fibers of the Fibre Channel link. The Fibre Channel link of 
each port can be coupled to an individual NL port such as 
block 108 or an FCAL net such as is represented by NL ports 
110 and 112 and links 114, 116 and 118. An FCAL net can 
have one or more NL nodes on it, so even the connection to 
the single node 108 is an FCAL net using a Fibre Channel 
protocol as those terms are used in the claims. 

[0080] Each learning half bridge in the switch can have a 
similar front end structure and mode of operation as that 
described in the parent application Ser. No. 08/786,891, filed 
Jan. 23, 1997 which is incorporated by reference herein, but 
preferably has the structure described below in FIC. 7. The 
"from end" structure refers to the circuitn that is coupled to 
the port and any Fibre Channel link connected thereto. Each 
learning bridge port circuit (hereafter sometimes referred to 
as a port) is coupled to a 50 Mhz 24 bit protocol bus 121. 
Link 123 represents this connection between port 106 and 
the protocol bus. The protocol bus is where each port posts 
its transactions indicating its local FCAL net is busy or has 
become available so as to update that port's status informa- 
tion in a local copy of scoreboard table 125 in memory. In 
the preferred embodiment, each port maintains a synchro- 
nized local copy of the scoreboard table and the contents are 
written to the scoreboard by learning from messages posted 
on the protocol bus. "Synchronized" means all copies of the 
scoreboard have the same information at all times to avoid 
"fatal embrace" scenarios (fatal embraces are discussed in 
the parent bridge case). 

[0081] In the alternative embodiment of FIG. 4, the score- 
board 125 and routing table 127 are shown as central shared 
circuits, but in the preferred embodiment of FIC. 5, every 
port circuit 124, 126 and 128 has its own copy of the 
scoreboard tabic and a routing tabic. The protocol bus is also 
the communication path used by a first port when an OPN 
to a remote destination node comes in to send a request for 
a connection to a second port coupled to the destination 
node. The connection request is sent on the protocol bus 



after the first port checks the scoreboard and determines that 
the second port is available. The request causes the second 
port to begin arbitrating for control of its local FCAL net. 
The scoreboard contains circuitry to read messages on said 
protocol bus and use the information therein regarding the 
identity of the sending port and the status codes in the 
message to update the status entry for the sending port. The 
structure of this circuitry is not critical, and anything that can 
perform this function will suffice. 

[0082] Each learning half bridge includes a streaming 
back end which drives a bidirectional port such as ports 120 
and 122 coupled to the crossbar switch. This streaming 
backend allows large strings of data to be sent all the way 
front the source node to the destination node as a stream 
without the need to buffer any of it. The structure of the 
streaming backend and the half bridge front end is such that 
hold back flow control is used so that no frames are 
stored — they just stream all the way from the source to the 
destination under buffer by buffer accounting using primi- 
tives for buffer management in the nodes themselves and not 
in the switch. As a result, no frames are ever dropped and 
there is no need for buffer management in the switch itself 
nor any need for dropped frame error recovery protocols in 
the switch or nodes. 

[0083] In sharp contrast, in the connectionless fabric 
switches of the prior art for both FCAL nets and other 
protocols, the conventional wisdom is that the essence of the 
problem is in buffer management. It is actually possible in 
the prior art fabric switches in the FCAL net environment to 
drop frames because of conjection related to traffic prob- 
lems. When a frame is dropped, a complex error recovery 
protocol needs to be executed in the nodes (node can mean 
computer, disk drive or other computing machine coupled to 
the network) involved to retransmit the dropped frame, or 
the entire I/O transaction. The error recovery protocol is 
costly in terms of overhead, and many I/O applications on 
the nodes are not designed to gracefully handle dropped 
frames thereby creating the possibility of errors and increas- 
ing the complexity of the nodes in requiring error recovery 
protocol software to exist in the node. The acknowledged, 
connectionless class of service in Fibre Channel (Class 2) 
does not eliminate or reduce the frequency of dropped 
frames, the only advantage is that class 2 has negative 
acknowledgements to the source node from the fabric or 
destination node if/when any frames are dropped. The only 
advantage is that this negative acknowledgement may pro- 
vide more timely notification of dropped or reected frames, 
it does not improve the intrinsic reliability of FC networks. 

[0084] In the invention, the hold back flow control which 
is part of the FCAL protocol is used to advantage to 
eliminate the need for buffer memory in the switch. Thus, in 
the invention, frames are not held in buffer memory, so they 
cannot ever be dropped because of congestion. The "hold 
back flow control" used by the invention prevents data from 
ever being transmitted from the source until the switch is 
ready to stream it to its destination. Therefore, there is no 
need for any complicated error recovery protocols in the 
switch or in the nodes and no need for massive amounts of 
memory in the switch. This is only possible in the Fibre 
Channel protocol where the possibility of using hold back 
flow control exists by virtue of the use of primitives and 
buffer by buffer accounting. There is no low level flow 
control in ATM or 1 GB Ethernet protocols. Those protocols 
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have X-on and X-off flow control on a higher level of the 
ISO level. This X-on and X-off flow control is "embedded" 
in the data characters, in contrast to Fibre Channel where 
buffer-to-buffer flow control is external to any data or 
frames. In FCAL, the OPN primitive signals when a source 
node has data to send, and the destination node then signals 
with a RRDY primitive senl back to the source saying it has 
reserved space to receive a frame. One and only one frame 
is then sent and no other frames arc sent until the source 
receives another RRDY primitive from the destination node. 
This use of primitives and reserved space and buffer by 
buffer accounting is the meaning of bold back flow control 
which is used in the invention. 

[0085] The lack of buffer memory in the half bridges 
makes llicm highly compact and susceptible to full integra- 
tion since memory is a large consumer of die area. The 
ability to integrate multiple half bridges on a single inte- 
grated circuit die reduces the cost per port to a substantially 
lower cost than for a corresponding number of FL_ports. 
[0086] Prior art switch designs typically had a crossbar 
switch chip coupled to a plurality of switch module chips 
each of which had a substantial amount of the die area 
consumed by buffer memory cells. Thus two separate chip 
designs were necessary to implement a switch. In the 
architecture of the invention since part of the crossbar switch 
and the port circuitry for several ports are on one IC die, only 
one chip design is necessary to implement a switch. The 
various portions of the distributed crossbar switch on dif- 
ferent chips, when coupled together, form one complete 
crossbar switch. This crossbar switch has 14 backplane 
channels, but they are not all available because each switch 
port chip also includes access circuitry to the backplane 
channels. If only two switch port chips having the architec- 
ture of FIG. 7 arc coupled together, the amount of backplane 
access circuitry present is not enough to access all 14 
backplane channels. The number of backplane channels that 
can be accessed with the available access circuitry defines a 
concept of "available bandwidth". As the number of switch 
port chips coupled together grows, the amount of available 
backplane access circuitry grows so that the number of 
backplane channels available grows, i.e., the available band- 
width grows which is as it should be because traffice 
volumen is increasing with an increasing number of ports. In 
other words, each switch port chip is a network slice and a 
network can be fabricated with as many ports as needed, and 
the crossbar switch will automatically grow in available 
bandwidth in proportion to the number of ports adequately 
to handle the increased traffic. 

[0087] FIG. 5 illustrates the actual architecture of the 
preferred species of the separate channels backplane sub- 
class of switches. Each block 124, 126 and 128 represents an 
integrated switch chip having a plurality of ports (learning 
half bridges) and a portion of the crossbar switch thereon. 
The function of each of the half bridge ports is to provide 
switching capability between networks connected using the 
Fibre Channel physical layer and the Fibre Channel Arbi- 
trated Loop transmission layer protocol. A point-to-point 
backplane data path 130 comprised of a plurality of channels 
through the distributed crossbar switch carries data from 
port to port. Each channel has a conductor in both directions. 
Each channel is a separate one gigabit per second data path 
which is selectively coupled by the crossbar switch to the 
two ports involved in a loop tenancy and is not shared by any 



other ports at that time. In one example of an architecture in 
accordance with the preferred embodiment, there are 14 
switchable channels for a total of 28 Gbits/sec of bandwidth. 
The function of the backplane data path 130 combined with 
the crossbar switch is to carry multiple conversations of data 
between ports simultaneously. 

[0088] Since each of the switch chips 124, 126 and 128 
contains a plurality of independent ports, spatial reuse and 
concurrency is achieved in the architecture of the invention 
in three ways: first, any purely local conversations between 
source and destination nodes on the same FCAL net can 
simultaneously occur on all FCAL nets without consuming 
either switch chip or backplane bandwidth; second, any 
conversations between different FCAL nets coupled to the 
same switch chip can occur purely within each switch chip 
without consuming any bandwidth on the backplane bus; 
and, third, the multiple backplane data paths allow multiple 
simultaneous conversations between nodes on FCAL nets 
coupled to different switch chips. For a first example, with 
36 ports coupled to 36 FCAL nets, a peak achievable 
bandwidth of 72 Chits/sec is achievable with no backplane 
channel utilization representing 36 simultaneous local full- 
duplex conversations. The peak bandwidth through the 
switch is equal to 2 Gbits sec per backplane channel (1 
GB/sec send and 1 GB/sec receive), plus an additional 2 
Gbits/sec for each purely local conversation that can be 
simultaneously serviced, thus, with 14 backplane channels 
all in use and 36 ports coupled to 36 FCAL nets with all ports 
not coupled to one of the 14 backplane channels having local 
conversations ongoing, the total traffic volume is 28 GB/sec 
through the switch plus 22x2 GB/sec equalling 44 GB/sec 
for a total of 28+44=72 GB/sec. 

[0089] In an exemplary embodiment of an FCAL switch 
using the teachings of the invention, each switch chip has 3 
ports and there are 12 switch chips for a total of 36 ports in 
this embodiment. Each switch chip supports 14 backplane 

through the switch 136 can lie supported by 28 ports coupled 
to the 14 backplane data paths plus 8 purely local full-duplex 
conversations belween Ihe remaining 8 ports for an aggre- 
gate peak bandwidth of 44 Gbits/sec. Port and backplane 
contention will reduce the total bandwidth below this peak, 
but average throughput and arbitration latency of a switched 
system will still be faster than an arbitrated FCAL net of the 
same size. Spatial reuse provided by a switch allows appli- 
cations which make use of concurrent conversations to use 
I VAI local loops and a switch to overcome the one loop 
tenancy al a time limitation of pure fibre Channel Arbitrated 
Loop networks without a switch. 

[0090] Each switch chip is coupled to a fairness token bus 
99, which, in the preferred embodiment, takes the form of a 
two wire bus. A fairness token circulates to all ports on this 
bus enabling a -round robin" fairness algorithm. Each port 
has circuitry to receive the fairness token, hold it for a short 
time and forward it to the next port so that the token reaches 
all ports eventually. Each port has a priority level assigned 
to it that is used in arbitration within the switch of multiple 
access requests to a busy destination node. When the fair- 
ness token is in the possession of a port, that port has the 
highest priority level and is guaranteed access. When a port 
has the highest priority level, it can "camp" on a busy remote 
port, and be guaranteed that it will be given access when the 
port is available. When access has been granted, the token is 
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forwarded. This prevents starvation of any port from com- 
munication with a busy node. 

[0091] In the preferred embodiment, data path 130 is 
comprised of metallic data paths on the printed circuit board 
on which the port chips are mounted couples the outputs of 
each crossbar switch portion of one of the port chips to the 
input of the crossbar switch portion of another port chip. 
Each bridge portion has three inputs and three outputs (one 
input and output for each of the three half bridges on each 
chip) for FCAL net primitives and frame data. Each pair of 
one input and one output is called a port and can be coupled 
to a single NL node or an FCAL net. 

[0092] Note that the distributed nature of the crossbar 
switch and the full integration of the ports with the crossbar 
switch makes the architecture of the switch modular and 
easily expandable. That is, the architecture represents a 
sliceable architecture which can be built into as large a 
switch with as many ports as is necessary limited only by the 
maximum number of permissible addresses in the FCAL 
address space of 128 nodes. Integration of the ports with a 
crossbar switch slice on the same chip allows switches to be 
built with as few as two switch chips or many more because 
the crossbar switch is scaleable and because each chip can 
be coupled by its portion of the crossbar switch to any one 
of the plurality of separate backplane channels. Prior art 
fabric switches had separate, nonscaleable circuits for the 
crossbar switch. This meant that the crossbar switch had to 
be built as complex as was necessary to handle up to the 
maximum number of ports. If fewer than the maximum 
number of ports were used, a large part of the prior art 
crossbar switch capacity was wasted. In contrast, in the 
invention, because of the full integration of all necessary 
circuitry onto one chip including a portion of the crossbar 
switch, the crossbar switch is scaleable, and all sizes of 
switches are easily constructed and quite affordable because 
of the inexpensive, fully integrated construction with no 
buffer memory and no complicated error recovery protocols. 
[0093] Dual Simplex 

[0094] FCAL NL nodes are capable of duplex communi- 
cations in thai they can send data at the same lime they arc 
receiving data. The problem that conventional FCAL nets 
and fabric FL port based switches fail to address is the fact 
that typically the destination node in more highly populated 
FCAL nets is less likely to have data for the source node but 
other nodes may have data for the source node which they 
cannot send since the source node is tied up in a conversa- 
tion with the destination node. Thus, there is a waste of 
bandwidth. Typically, node adapter cards that interface a 
computer or disk drive to the FCAL net cannot re-shuffle 
their transmit queues in order to find a frame destined for the 
current source node and move it to the top of the transmit 
queue. Thus, head end blocking usually occurs and causes a 
full duplex connection to be effectively simplex. In a 100 
mbyte/sec link for example, NL nodes can simultaneously 
burst out at 100 mbyte/sec while they are simultaneously 
bursting in at the same rate. If the destination node has no 
data to send to the source node, the 100 mbyte/sec of burst 
in bandwidth of the source node is wasted in conventional 
fabric switches with IT. ports. 

[0095] In conventional FCAL nets, the protocol requires 
that nodes must must reserve all resources required for a 
duplex conversation even in cases where there is only traffic 



in one direction. This means, in the context of FIG. 5, node 
101 can be sending data to node 103 but node 103 is required 
by the rules of the protocol to be sending data only to node 
101 during the same loop tenancy. This is true even though 
it may have no data to send to node 101 and even though it 
may have data to send to node 105. Likewise, if the switch 
of FIG. 5 followed the normal FCAL protocol, if node 138 
had frames to send to node 103, node 103 would be 
restricted to sending data only to node 138 even if node 103 
had no data for node 138 but did have data for node 140. 
[0096] This waste of bandwidth is remedied by the pro- 
vision of dual simplex conversations across the switch of the 
invention. The ports and crossbar switch of the invention 
allow dual simplex conversations across the switch but nol 
within any local loop coupled to a port. Simply put, dual 
simplex capability allows nodes other than the destination 
node to send data frames to the source node while that 
source node is sending data to its destination node. In the 
example of FIG. 5, a dual simplex connection for two 
separate one-way conversations could occur as follows. 
Suppose, node 138 has data to send to node 103 but node 
103 does not have any data for node 138. Suppose also, node 
144 has data for node 138. With the dual simplex capability 
of the invention, node 138 can send its data to node 103 
while simultaneously receiving data from node 144. 

[0097] Dual simplex capability is accomplished in all 
species within the genus of the invention by three basic 
steps, illustrated in FIG. 15: 

[0098] 1) establishing a front channel half duplex 

node on different FCAL nets (step 350) and stripping 
and storing or counting any buffer credit RRDY 
primitives output by the source node and not trans- 
mitting them to the destination node (step 352); 

[0099] 2) establishing a back channel data path 
between a third node and said source node if said 
source node is dual simplex capable but not trans- 
mitting to said source node any OPN primitive 
emitted by said third node (slep 354). and transmit- 
ting a number of RRDYs either equal to the number 
of RRDYs output by said source node or the number 
of RRDYs needed by said third node to send all the 
data it has to said source node before closing said 
back channel connection (step 356) — transmission 
of said RRDYs being one at a time — any excess 
RRDYs not used by the third node are saved for use 
by another third node in a subsequent dual simplex 
back channel connection; and 

[0100] 3) receiving any RRDYs transmitted by said 
destination node and mixing them in with data 
frames and/or primitives transmitted on the back 
channel by the third node so as to exercise flow- 
control on transmissions of data frames from the 
source node to said destination node (step 358). 

[0101] In the preferred species of switch within the genus, 
the following steps are carried out to implement dual sim- 
plex data exchanges: 

[0102] 1) in a port of the switch coupled to an FCAL 
net, receiving a full duplex OPNtDest, Src) from a 
source node designating a destination node address, 
Dest, and a source node address, Src, and converting 
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the full duplex format OPN(Dest, Src) to a simplex 
or half duplex format OPN(Dest, Dest) and estab- 
lishing a "front channel" connection through the 
crossbar switch to the destination node (in the pre- 
ferred embodiment, conversion from full to half 
occurs if and only if a configuration bit is set in each 
port to allow dual simplex, and, if set to allow it, 
always converts all full duplex OPNs to half duplex 
OPNs even if no dual simplex connections arc 
expected — in alternative embodiments, conversion 
from full to half duplex always occurs and is not 
conligurablc and in olhci embodiments, dual simplex 
is never allowed), 

[0103] 2) storing at least the source node address in 
the port of the switch coupled to the source node, 
hereafter referred to as the source port; 

[0104] 3) stripping buffer credit RRDYs output by 
the source node and not transmitting the RRDYs 
output by the source node to the destination node of 
the front channel connection, and either storing or 
counting the RRDYs output by the source node and 
making them available to a third node to send data to 
the source node either by transmitting stored RRDYs 
output by the source node one at a time to the third 
node or by conveying the number of RRDYs output 
by the source node to a third port coupled to the third 
node and synthesizing in the third node a number of 
RRDYs equal to the value of the count and sending 
the RRDYs to the third node one at a time (the 
preferred embodiment does not store the RRDYs — it 
just counts them and regenerates them in the source 
port when needed for transmission to a third node); 

[0105] 4) updating status data in a "scoreboard" 
memory of each port to indicate which busy ports are 
coupled to source nodes of front channel connections 
and thus are available to receive frames in dual 
simplex communication from third nodes — the 
scoreboard memory is a memory that stores status 
data such as whether or not a port is busy, and, if 
busy, whether it is coupled to the source node of the 
conversation it is engaged in and is thus open to 
receive data from a third node in a dual simplex 

[01 Oh] 51 establishing a "back channel' connection 
through the crossbar switch from the third node to 
the source node and transmitting an OPN from the 
third node to the source switch port — then the stored 
source node address in the source port is compared 
to the destination node address of the OPN trans- 
mitted from the third node and allowing dual simplex 
communication to proceed on the back channel if the 
addresses match, but blocking dual simplex commu- 
nication with this particular third node if the 
addresses do not match by sending a CLS primitive 
to the third node; 

[0107] 6) in the event dual simplex communication is 
allowed, deleting the OPN from the third node and 
never transmitting it to the source node, and releas- 
ing stored RRDYs to the third node (either one at a 
time or all at once) thereby allowing the third node 
to start sending data frames to the source node; and 

[0108] 7) thereafter data frames are transmitted by 
the third node to the source port with one data frame 



transmitted in response to each RRDY received by 
the third node — these data frames are mixed with 
RRDYs received from the destination node via the 
front channel connection — the combined data frames 
and RRDYs are transmitted to the source node via 
the back channel connection. 

[0109] The "back channel" is the data path going into the 
source node along with a connection through the switch 
ports and backplane if necessary to couple the third node to 
the source node and is the channel used by a third node to 
send dual simplex data frames into the source node. 

[0110] The format conversion mentioned above converts 
the OPN(Dest, Src) received from the source node 138 into 
an OPN(Dest, Dest). This conversion occurs as the OPN is 
propagated through the source port before it is sent to the 
remote port coupled to the destination node. Conversion of 
the OPN primitive format to OPN(Dest, Dest) and taking 
away the buffer credits from the destination node converts 
the normal full duplex loop tenancy to a half duplex or 
simplex loop tenancy where data Hows in only one direction 
from the source node to the destination node and the 
destination node cannot send any frames back to the source. 

[0111] borrowing the buffer credit transmitted by the 
source node and giving it to another node that has data to 
send to the source node is important to dual simplex capa- 
bility In the specific example being considered, it means that 
any RRDY primitives output by source node 138 that would 
otherwise give destination node 103 one or more buffers of 
credit for return data are, instead, stripped by the source port 
before the OPN is transmitted to the remote port, and stored 
so that they may be given to node 144 after a simplex back 
channel connection is established. Specifically, suppose 
source node 138 transmitted OPN(103, 138) RRDY RRDY. 
Port 126 would convert this to OPN(103, 103) and transmit 
it to switch port 128 when the connection through the 
backplane between switch ports 126 and 128 has been 
established in any of the ways described herein. Port 126 
would latch the two RRDYs or increment a counter of buffer 
credits to a count of two and give them to node 144 one by 
one after a back channel connection was established 
between node 144 and node 138. 

[0112] Swallowing or deleting the back channel OPN from 
the third node in the source port is important to dual simplex 
because it prevents the source node from receiving it and 
becoming confused. Because of the structure of the FCAL 
protocol, it is a protocol violation if a node receives an OPN, 
and that node has already established a previous connection. 
However, when a node has opened another node, it is 
expecting possible data frames to be sent back to it from the 
destination node on the back channel (the pari of the loop not 
being used for outgoing data from the source to the desti- 
nation). Thus, if a node other than the destination node has 
frames to send to the source node, the following things 
happen. First, the third node sends an OPN. The port coupled 
to the third node uses the destination address in the OPN to 
look up the ID of the port coupled to the destination node. 
This search results in output from the routing tabic of the ID 
of the source port coupled to the source node in the original 
forward channel transmission. This ID is then used to search 
the scoreboard memory to determine the status of the source 
port. The source port sent a message to the scoreboard 
memory on the protocol bus updating the status entry in the 
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scoreboard memory for the source port to busy when the 
source port established the front channel connection. In one 
alternative embodiment, this busy status will be found when 
the scoreboard is consulted, but that will not deter the third 
port from posting a connection request message on the 
protocol bus requesting connection to the source port. The 
source port will determine if it has any stored buffer credit 
and grant the request if it docs by posting a reply message 
on the protocol bus naming the backplane channel to use. 
The third port and the source port then both connect to the 
named backplane channel. 

[0113] There are several alternative embodiments for 
establishing the back channel simplex connection through 
the backplane. One involves updating all the scoreboards of 
all ports with information as to which source node address 
is coupled to any port which is indicated in the scoreboard 
as having a busy status and is thus available for dual 
simplex. In this alternative embodiment: the source port 
posts a message to the protocol bus to update all scoreboards 
in every port to indicate that although it is busy, it is coupled 
to the source node of the loop tenancy and is thus available 
to receive data in a dual simplex mode. In this alternative 
embodiment, the third port checks its scoreboard, and if it 
determines that its destination node has the same address as 
the source node coupled to the source port, it then sends a 
connection request message. If it determines from the score- 
board data that the source port is not dual simplex capable, 
it tlocs not send a connection request message. 

[0114] In the preferred embodiment each switch port 
which utilizes dual simplex is only coupled to one node, 
because the switch ports are not expensive. In this preferred 
embodiment, the scoreboards are not updated with data 
indicating the address of the node connected to the source 
port so as save memory space in the scoreboards and traffic 
on the protocol bus. In the preferred embodiment, the third 
node simply transmits a connect request on the protocol bus 
naming the source port. The source port then determines if 
it is dual simplex capable by cheeking ils own scoreboard for 
data indicating whether it is dual simplex capable and 
determines if ils camp list is full. If it dual simplex capable 
and ils camp lisl is nol full, il grains all connection requests. 
It then picks a backplane channel for the back channel 
connection and sends a response message on the protocol 
bus to the third node. Both the third node and the source 
node then establish a connection on the identified channel 
and the third node sends its OPN. The destination address in 
the OPN is then compared by the source port to the address 
of the source node using the latched OPN received from the 

[0115] If there is no match, the source port generates a 
CLS and sends it to the third port. II there is a match, dual 
simplex mode is allowed, the OPN from the third port is 
quashed, and the stored RRDYs are sent to the third port 
from the source port, one RRDY at a time up to the number 
of RRDYs stored. In some alternative embodiments, the 
RRDYs are not actually stored but are counted and the count 
is maintained. This starts the transmission of data frames 
from the third node. The arrival of a data frame from the 
third node triggers release of another RRDY from the source 
port if another RRDY is available at the source port for 
release. These data frames are received by the source port 
and transmitted on the back channel to the source node. Any 
intervening nodes pass the data frames through because they 



do not control the loop. Any subsequent RRDYs output by 
the source node are intercepted by the source port and 
transmitted on the backplane channel to the third port to 
cause the third node to transmit a data frame for each RRDY 
so intercepted. When a CLS is received from the third node, 
any remaining stored RRDYs are preserved for use as buffer 
credit for the next third node that wishes to send data to the 
source node. The job of managing buffer credit falls to the 
state machine in every port in the preferred embodiment. 

[0116] Another embodiment for the source port to deter- 
mine if it is dual simplex capable is to send post a message 
on the protocol bus instructing any port that has an OPN 
send the destination address of the OPN to the source port 
for comparison to the source node address. If there is a 
match, a reply message is posted diicvliug the port to use a 
specified backplane channel and both the third port and the 
source port connect to that channel. The transaction then 
proceeds as above. 

[0117] The dual simplex process essentially tricks the link 
layer of the software of the source node into thinking the 
incoming frames are from the destination node, when they 
are actually from the third node. Since the frames internally 
contain all the information needed to get the data therein to 
the right place in the source node, no harm is done because 
the frames pass through the link layer and the upper layers 
of software read the frames and use them properly. However 
if an OPN from the third node were to arrive on the back 
channel, the link layer of conventional NL nodes becomes 
confused because it knows the source node just opened some 
other node and is not supposed to be receiving any OPNs 
until the current loop tenancy is terminated. 

[0118] The source port also mixes these frames of data 
from the third node in with RRDY primitives transmitted 
from the destination node of the original loop tenancy on the 
FCALnet back channel. Each time the source node receives 
an RRDY from the destination node, it outputs another 
frame of data to its destination node. The mixing in of 
RRDYs from the destination node with the frames of data 
from the third node on the FCAL net backchannel causes the 
source node to continue oulputling data frames bound for the 
destination node. 

[0119] Closing a dual simplex connection properly to 
avoid deadlock and sequence errors is important. The state 
machine of any port coupled to a source node and facilitating 
a dual simplex transaction (elsewhere herein sometimes 
rel'erred to as a dual simplex porl or source port) must insure, 
that when a CLS is output by the source node that the CLS 
is not forwarded to the destination node until the third node 
has finished transmissions on the back channel and output its 
own CLS. Further, the state machine of any port coupled to 
a source node and facilitating a dual simplex transaction 
must not wait for a CLS in the case where access to the 
source node is denied to a third node because of the lack of 
any RRDYs transmitted by the source node to avoid possible 
deadlock. Thus, the stale machine in a dual simplex port 
must therefore have the following behaviors as illustrated in 
the following discussion of four possible dual simplex close 

[0120] 1) A CLS is received from the source port— the 
CLS is replicated by the source port and sent to both the third 
port and the destination port. The third port transmits the 
CLS to the third node which handshakes with its own CLS 
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which is returned to the source port. The source port deletes 
the CLS from the third node but remembers that it has 
arrived and releases the back channel connection. The CLS 
reaches the destination port and the destination node. The 
destination node handshakes by emitting its own CLS which 
is transmitted back to the source port and to the source node 
which closes. The source port drops the front channel 

[0121] 2) A CLS is received from the third node — the 
source port deletes the CLS so that it does not get forwarded 
to the source node and sends a ('I S generated in the source 
port back to the third port, and then drops the back channel 
connection to the third port. The third port forwards the CLS 
to the third node. Any new third port can then initiate a new 
dual simplex connection. 

[0122] 3) Destination node transmits a CLS— the CLS is 
received at the source port and held by the source port. A 
copy of the CLS is transmitted to the third port which 
transmits it to the third node. The third node closes under 
normal FCAL close protocol and handshakes by transmit- 
ting a CLS to the source port. The source port transmits the 
CLS to the source node which closes under normal FCAL 
close protocol rules and handshakes by transmitting a CLS 
to the source port. That CLS is forwarded by the source port 
to the destination port which forwards it to the destination 
node. The source port then drops both the front and back 
channel connections simultaneously. 

[0123] 4) Destination node transmits a CLS — the CLS is 
received at the source port and held by the source port. A 
copy of the CLS is transmitted to the third port which 
transmits it to the third node. The source node closes under 
normal FCAL close protocol and handshakes by transmit- 
ting a CLS to the source port. The source port holds the CLS 
from the source node until a CLS is received from the third 
node. Upon receipt of a CLS from the third node, a CLS 
generated in the source port is simultaneously transmitted to 
the destination port and the source node. The source port 
then drops both the front and back channel connections 
simultaneously. 

[0124] Specific Dual Simplex Example 

[0125] As a specific example of dual simplex in the 
context of FIG. 5 using a scoreboard which indicates dual 
simplex capability, refer to FIGS. 16A to 16D which are a 
flowchart of the processing carried out by the ports to 
implement dual simplex communication. In this example, 
suppose node 138 want to send data to node 101. Suppose 
also that node 144 wants to send data to node 138. Node 138 
generates an OPNY101, 138), RRDY, RRDY and transmits 
these three primitives to port 126 (step 360). Port 126 
converts the OPN to a simplex OPN(101, 101) and stores the 
original OPN including both the source and destination 
addresses of the OPN and stores the two RRDYs (steps 362 
and 364). Port 126 looks up destination address 101 in the 
routing table and finds it is connected to port 128 (step 366). 
The scoreboard table is consulted, and port 128 is found to 
be available (step 368). Port 126 posts a message on the 
protocol bus 121 requesting port 128 to initiate arbitration 
for its local loop and pick a backplane channel (step 368). 
Port 128 wins control of its loop and sends a reply message 
naming the backplane channel 1 for use (step 370). Ports 126 
and 128 send commands to their portions of the distributed 
crossbar switches to connect to backplane channel 1 (step 



372). Port 126 forwards the OPN(101, 101) to port 128 as 
soon as node 128 is available and it passes straight through 
port 128 without delay to node 101 (step 374). The two 
RRDY primitives of buffer credit transmitted by node 138 
and intended for node 101 are stripped off the transmission 
to node 101 by port 126 and maintained as a count in the 
source port for award by regeneration and transmission to 
another node that wants to ship frames to node 138. Node 
101 replies with an RRDY (step 376). This RRDY is 
transmitted back on backplane channel 1 to port 126 where, 
as described below, it is mixed in with data frames from a 
third node (nude 144) that is transmitting data frames in dual 
simplex mode to node 138 so as to keep the source node 138 
outputting new frames to the destination nude 101. 
[0126] In the embodiment considered here, port 126 posts 
a message to the protocol bus to update all scoreboards that 
it is busy but is available for dual simplex connections. This 
message can be based upon the fact either that the source 
node knows by watching traffic or comparing source node 
addresses on its local FCAL net to the AL-PS value in the 
original OPN, that it is connected to a source node of the 
front channel and is capable receiving dual simplex trans- 
missions, or its configuration bit indicates dual simplex 
connections are allowed. This message on the protocol bus 
would would result in update of all scoreboards (step 380). 
Node 114 then arbitrates for and wins control of its I'CAI. 
net and generates an OPN(138, 144). Port 124 receives this 
OPN, stores it (and converts it to half duplex in the preferred 
embodiment) and uses the destination node address 144 to 
search the routing table (step 384). This returns the ID of 
port 126. This ID is used by port 124 to search its scoreboard 
table. Port 124 finds port 126 in its routing table, finding 
from its scoreboard that port 126 is busy but dual simplex 
capable (step 386) and posting a connection request on 
protocol bus i ' ; requesting a connection to source port 126 
(step 388). This would result in a connect response reply 
message from port 126 granting the request and naming 
backplane channel 2 for use (step 390). Both ports 124 and 
126 would connect to channel 2 (step 392), port 124 would 
send its OPN(138, 144) to port 126 (step 394) which would 
cause port 126 to compare the destination address 138 to the 
source node address (step 396), find a match, quash the OPN 
and forward one RRDY to port 124 via channel 2 (step 400). 
The backchannel transaction would proceed until buffer 
credit ran out, or third node had no more data frames to send 
or a CLS was sent by either node 138 or 144 (step 402). 
[0127] In the preferred embodiment, port 124 would sim- 
ply post a connection requests w hich would automatically be 
granted by port 126 with a reply message saying use 
backplane channel 2. Ports 124 and 126 would both connect 
to backplane channel 2, and port 124 would send its 
OPN(138, 144) to port 126. Port 126 would compare the 
source address it latched from the original OPN, which is 
138, to the destination address of the OPN received from 
node 124, which is also 138, and find a match. Port 126 
would quash the OPN(138, 144) and transmit one RRDY 
back to port 124 which would reach node 144, and result in 
transmission of one frame of data. That frame of data would 
pass through backplane channel 2, port 126 and the back 
channel path and reach node 138. Port 126 would then send 
the remaining RRDY to port 124 which would result in 
another frame of data being transmitted. Any further RRDYs 
transmitted by node 138 would be latched or counted and 
sent to port 124 in the normal course of flow control, or if 
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node 144 sent a CLS, the RRDYs stored by port 126 would 
be saved for grant to another third node until such time as the 
original loop tenancy was terminated with a CLS from either 
the source node or destination node. 

[0128] In alternative embodiments, the port 126 can deter- 
mine whether it is capable of dual simplex by a sending a 
message to porl 124 asking lor l lie destination address from 
the OPN (138, 144) and then compare this destination 
address to the latched source address from the original 
OPN(101, 138). If there is a match, sending a reply message 
saying, "Use backplane channel X and send me your OPN" 
whereupon the transaction proceeds as defined above. If 
there is no match, generating a CLS and sending it to the 
third port or sending a message that causes the third port to 
generate a CLS and send it to the third node. 

[0129] Returning to the main example, port 126 mixes 
RRDYs received from node 101 on the front channel 
connection with data frames received from node 144 and 
sends the combined data stream to the source node over the 
back channel of the FCAL net coupled to the source port 
(step 404). This keeps source node 138 outputting data 
frames to destination node 101. 

[0130] There are three scenarios for closing the dual 
simplex data paths. An example of each will be discussed in 
the next three paragraphs. 

[0131] Suppose source node 138 issues a CLS (step 406). 
In that case, source port 126 duplicates the CLS and for- 
wards it to destination port 128 and third port 124 simulta- 
neously (step 408). The third node 144 replies with its own 
CLS which is, forwarded to port 126 (step 410). Port 126 
discards the CLS received from third node 144 but notes that 
it has arrived and both ports 124 and 126 relinquish their 
back channel connections through the backplane (step 410). 
When the CLS reaches destination node 101, it replies with 
its own CLS back to source node 138, and ports 126 and 128 
relinquish their front channel connections (step 412). 
[0132] Now suppose third node 144 issues a CLS (step 
414). In ibis case, the CLS is transmitted to source porl 126 
which deletes the CLS (it is not sent to the source node 
138 — step 416), and ports 124 and 126 each relinquish their 
back channel conneclion Ihrough Ihe backplane (slep 418). 
Any new third node can initiate a new dual simplex con- 

[0133] Finally, suppose destination node 101 issues a ( 'I S 
(step 420). Source port 126 receives the CLS and holds it 
temporarily and does not send it to source node 138 (step 
422). A copy of the CLS is sent to third port 124 and the third 
node (step 424). The third node replies with its own CIS 
which is received by the source port and sent to the source 
node (step 424). The source node replies with a CLS which 
is forwarded to the destination node (step 426). The source 
port and the destination and third ports then drop the front 
channel and back channel connections (step 428). 

[0134] Dual simplex mode allows many different third 
nodes to deliver frames to the source node during its 
"conversation" (loop tenancy) with the original destination 
node. Dual simplex almost doubles throughput of the switch. 

[0135] The Process of the Preferred Embodiment 

[0136] An example of normal, non dual simplex process- 
ing by the switch illustrated in FIG. 5 (or any of the 



alternative embodiments of non dual simplex switch opera- 
tion) is illustrated by the flowchart of FIGS. 6A through 
6C. This example isonly a high level illustration of one path 
through the states of the loop porl stale machine of a single 
switch port such as loop port state machine (LPSM) 218 in 
FIG. 7 and is illustrative of typical processing for loop-local 
or chip-local or remote transactions. The LPSM in each 
switch port is a complex state machine which has many 
states and many transistions between states with the transi- 
tions between states depending upon the logical states of 
various input signals. Each loop port state machine is 
comprised of a plurality of individual component state 
machines which interact with each other. Some state 
machines generate output signals which are inputs to other 
state machines. This means that a large number of possible 
scenarios for the states of the state machine switch ports 
exist. To explain all these states and all the conditions for 
transition therebetween, would obscure the main ideas of the 
invention. To cxacth illustrate all possible stales and tran- 
sitions, there is included herewith as FIGS. 17 through 28 
individual state diagrams for all the state machines in a 
single LPSM. Each circle represents one state. Each line 
from one state to another represents a transition from one 
state to another. The labels in boxes on each line represent 
the Boolean condition that must exist between the signals 
identified in the box for that transition lo be made. Boolean 
logical operators are identified by & for an AND operation, 
a tilde preceding a signal name means NOT and a vertical 
line between two signals means OR between those two 
signals. Each state and each signal is defined in the verilog 
code appended hereto as Appendix A. The state diagrams 
coupled with the verilog code together comprise a complete 
and exact description of all states and transitions between 
states for every possible processing scenario performed by 
the preferred embodiment of the switch. A description of the 
verilog hardware description language and how to use it to 
define the functionality of an integrated circuit is given in the 
treatise, Palnitkar, "VerilogE HDL: A Guide to Digital 
Design and Synthesis" ISBN 0-13-451675-3 (Prentice Hall 
1996) which is hereby incorporated by reference. 

[0137] Local Destination Process 

[0138] As a first example, suppose node 138 wishes to 
send data to node 140. Node 138 arbitrates for control of the 
FCAL net 142 comprised of data paths 142A, B and C and 
nodes 138 and 140 (step 150). When control is won, source 
node 138 sends an OPN primitive to port 126 with the 
destination address of destination node 140 therein (step 
152). Optionally, the source node follows the OPN with one 
or more RRDY primitives, each representing one frame 
buffer of credit which the source node has reserved for 
receiving frames of data from the destination node (step 
152). Port 126 latches the OPN and any RRDY primitive 
following the OPN (step 154), and uses the destination 
address of the OPN as a search key to search a routing table 
stored in port 126 (step 156). In the preferred embodiment, 
a separate routing table is maintained in each port circuit. In 
alternative embodiments such as represented by FIG. 4, the 
routing table may be a single table 127 coupled to all the 
ports by the protocol bus 121 with each port checking the 
routing table contents by messages on the protocol bus. This 
embodiment is represented by FIG. 4. In the embodiment of 
FIG. 4, the contents of the routing table are updated by an 
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active discovery process although this active discovery 
process may also be carried out in the preferred embodiment 
of FIG. 5. 

[0139] The contents of the routing table are destination 
addresses and the identification codes (hereafter IDs) of the 
ports or half bridges to which those destination nodes are 
coupled. Each hall bridge contains such a routing table. The 
contents of the routing table are learned by each half bridge 
by watching the traffic on its ports in the manner described 
in Ihc parent case or by an active discovery process which 
will be described below. 

[0140] In this particular case, the search indicates that the 
destination node is local to FCAL net 142, and that deter- 
mination is represented by test 158 in FIG. 6A. Port 126 
responds by setting an internal switch to connect an internal 
bypass data path to connect data path 142C to data path 
142A(step 160), and sends the OPN to destination node 140 
along with any RRDYs received from the source node (step 
162). Node 140 responds cither with one or more RRDY 
primitives if it has buffer capacity to receive one or more 
frames from the source node or a CLS primitive or one or 
more frames of data to be transmitted to the source node in 
accordance with the number of RRDY primitives received 
from the source node (step 164). In general, step 164 
represents the process of the switch port acting as a normal 
nun participating FCAL node for the duration of the trans- 
action by forwarding all data and primitives received from 
the local loop back onto the local loop. Thus, if a primitive 
or data frame is output by the destination node for trans- 
mission on data path 142B to source node 138 and node 138 
responds with an RRDY or data frame on path 142C, switch 
port 126 forwards the RRDY or data frame to the destination 
node via path 142A. If the destination node outputs an 
RRDY, source node 138 responds by transmitting an entire 
frame to node 140 via data paths 142C and 142A and the 
internal bypass data path (not shown) within half bridge 
switch port 126 (or a number of frames equal to the number 
of RRDY primitives received from the destination node may 
be transmitted — step 164). The frame is stored in node 140, 
and when it has been processed and the buffer is ready to 
receive another frame, another RRDY is output. If the 
destination node responded with a frame of data in response 
to an RRDY received from the source node, the source node 
stores it in ils buffer. If the destination node responded w ith 
a CLS primitive, the source node relinquishes control of its 
FCAL net, and the transaction is ended according to normal 
FCAL close protocol. The process of exchanging RRDYs 
and frames of data continues until cither node 140 outputs a 
CLS indicating it will send no more data to the source node 
or source node 138 outputs a CLS indicating it will send no 
more data to the destination node. The f'CAI.net 140 is then 
relinquished and other nodes including port 126 can arbitrate 
for control thereof. 

[0141] Test 166 is symbolic of one event that can occur 
after the loop-local transaction is completed. The loop-local 
transaction has to be completed since no other node can win 
control of the local loop in arbitration so as to be able to send 
an OPN until the loop local transaction is over. Test 166 
determines if an OPN has been received from the local loop, 
and, if so, vectors processing to step 154 to latch the OPN, 
as symbolized by step 168. 

[0142] Test 170 symbolizes a test for an event which can 
occur regardless of whether the loop-local transaction is 



over or not — receiving a connect request message on the 
protocol bus at the switch port involved in the loop-local 
transaction. If this happens, the switch port becomes the 
destination port for a remote transaction. In such a case, the 
switch port behaves as indicated in step 175 and the fol- 
lowing steps to arbitrate for control of the local loop, as 
symbolized by block 172. When control is won (after the 
loop-local transaction is over), the sw itch port sends back a 
connect response message naming the backplane channel to 
use. The connection is then established by the source port 
and the destination port and the transaction is completed as 
indicated in the steps following step 175. 
[0143] If tests 166 and 170 do not detect either a new OPN 
front the local loop or a connect request on the protocol bus, 
the loop port stale machine loops back to test 166 and stays 
in the state represented by, tests 166 and 170 until one of the 
events detailed there happens. 
[0144] Remote Destination Process 
[0145] Now suppose node 140 has data to send to node 
144 coupled to port 124. Node 140 arbitrates for FCAL net 
142, and when control is won, outputs an OPN with Ihc 
destination address of node 144 therein (steps 150 and 152, 
FIG. 6A). The source node may also output one or more 
RRDY primitives. The OPN and' any RRDY primitives are 
latched in the local node (step 154), and the local node uses 
the destination address in the OPN to search the routing table 
(step 156). In this case, search of the routing table indicates 
that node 144 is coupled to a remote port 124, and an ID for 
the remote port is returned by the search (step 158). If the 
search indicated the destinaton node was on an FCAL net 
coupled to a switch port on the same chip as the switch port 
coupled to the source node, the result would be the same in 
that processing would be vectored in either event to steps 
168169. Thus, path 167 is taken for either a chip-local or a 
remote transaction. 

[0146] Step 168 represents a determination as to the status 
of the remote port coupled to the destination node. The 
combination of steps 168 and 176 represent a determination 
of the status of the remote port and branching to an appro- 
priate routine depending upon the results. If the remote port 
status is "available" (path 170), source switch port 126 then 
sends a connect request message formatted as in FIG. 14A 
via a protocol bus 121 to the destination or chip-local switch 
port, as symbolized by step 172. In FIG. 14A, the requestor 
ID is the ID of the source switch port and the responder ID 
is the ID of the destination switch port. Although this is the 
protocol of the preferred embodiment, in alternative 
embodiments, any protocol for determination of the status of 
the remote port and/or any other mechanism to establish a 
connection through the crossbar switch or other connection 
mechanism will suffice to practice the invention. In the 
preferred embodiment, the status determination is accom- 
plished by checking the status entry for the destination port 
in a copy of a scoreboard table stored by the switch port and 
kept up to date with the copies of the scoreboard table in all 
other switch ports by monitoring messages on the protocol 
bus. In alternative embodiments, the local port can send a 
message to the remote port via the protocol bus asking it for 
its status or can send a message to a central scoreboard to get 
the status of the destination port. 

[0147] If the remote port was busy, path 174 is taken from 
the status determination test 176 back to step 168 to read the 
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status again and processing stays in this loop in the local port 
until the status changes to available or no privilege. In some 
embodiments, a timeout function can he included to exit the 
busy-wait loop path 174 and send a CLS to the source node 
after a timeout event to keep head end blocking from barring 
all communications will all nodes coupled to the local port 
in case the remote node is broken and that would be 
equivalent to the claimed invention. 

[0148] If test 176 determines there is no privilege for the 
source node to talk to the destination node, path 178 is taken 
to block 180 where the local port sends a CLS to the source 
node. Processing then returns to Start. 

[0149] Assuming the remote port was available and the 
connection request was received, the remote port then starts 
arbitrating for control of its local FCAL net (step 175, 11G. 
6B). When control is won, the remote port sends back a 
response message informing the first port coupled to the 
source node to forward the OPN and any RRDY primitives 
it has latched, and telling the first port which backplane 
channel to use (step 177). 

[0150] As symbolized by block 179, the response message 
from the remote port causes both the first port and the remote 
port to generate commands to the distributed crossbar switch 
circuitry of each port to set switches to couple the two ports 
to the selected backplane channel to set up an FCAL loop 
connection between the first port and remote port through 
the crossbar switch. In the example at bar, this data path 
couples port 126 and port 124 through the backplane data 
path 130 on the channel named in the reply message (step 
179). 

[0151] In some alternative embodiments, instead of send- 
ing a connection request to the remote port, the first port will 
simply establish a data path through the backplane and send 
the latched OPN and any following RRDYs to the remote 
port 124. In response, port 124 will then latch the OPN and 
any following RRDY primitives, arbitrate for control of the 
FCAL net coupled to node 144, and when control is 
obtained, transmit the OPN and any following RRDYs to 
destination node 144. If the local FCAL net is busy, the 
remote port will hold the OPN and any following RRDYs 
until the FCAL net is available, and repetitively arbitrate for 
control and then, when control is achieved, forward the OPN 
and RRDYs to the destination node. 

[0152] In this alternative embodiment, the destination 
node will respond to the OPN (and any following RRDYs) 
with either an RRDY if it has enough buffer space to receive 
a data frame or a CLS if it does not or with one or more data 
frames to be transmitted to the source node corresponding to 
the number of RRDY primitives received from the source 
node if any RRDY primitives were received. The transaction 
then proceeds by transmitting one frame for every RRDY 
received from the other node until one or the other of the 
source or destination nodes transmits a CLS primitive. The 
frame or frames stream through ports 126 and 124 and 
backplane data path 130 without ever being stored in any 
buffer memory and without ever being segmented into 
packets that require segmentation and reassembly. 

[0153] In the preferred embodiment, port 126 instead of 
sending the OPN and any RRDYs to port 124 to signal it to 
establish a connection, instead sends a connection request 
message via the protocol bus 121. The connection request 



message tells the remote port 124 to arbitrate for its local 
loop and to notify port 126 when control is won and expect 
further traffic. When the response message is received that 
control has been won by port 124 of its local loop and 
naming a channel to use on the backplane for data transfer, 
the OPN and any RRDY primitives which were received by 
the first port from the source node are sent to port 124 which 
then forwards these primitives to node 144 (step 181). As 
was the case for the alternative embodiment discussed in the 
paragraph above, the destination node will respond with 
either an RRDY if it has enough buffer space to receive a 
data frame or a CLS if it does not or with one or more data 
frames to be transmitted to the source node corresponding to 
the number of RRDY primitives received from the source 
node if any RRDY primitives were received. The transaction 
then proceeds by transmitting one frame for every RRDY 
received from the other node until one or the other of the 
source or destination nodes transmits a CLS primitive to 
complete the transaction. 

[0154] I'he connection is closed w ith a handshaking type 
protocol that uses a switch control character to eliminate 
race conditions. The connection through the backplane can 
be closed by either the source node or the destination node 
sending a CLS. Test 182 represents branching to different 
protocols for closing depending upon whether the source 
node or destination node initiated the CLS. Processing 
branches to step 183 is the source node initiated the CLS. In 
step 183, the source node outputs a CLS and that CLS is 
received by the source port and forwarded to the destination 
port over the backplane connection. Optionally, the source 
port also sends an ARB(F7) or other innocuous fill word to 
the destination port. The purpose of this fill word is to send 
affirmative characters to the destination port to prevent any 
spurious characters from being transmitted to the destination 

[0155] Step 185 represents the process of receiving the 
CLS at the destination port and forwarding it onto the local 
loop so that the destination node receives it. The destination 
node responds with its own CLS. 

[0156] Step 187 represents the process of receiving the 
destination node's CLS at the destination port and forward- 
ing it across the backplane connection to the source port 
followed by a switch control character (typically 20 con- 

[0157] Step 189 represents the process of receiving the 
destination node's CLS at the source port and forwarding it 
onto the local loop so that it will be received by the source 
node. The source port also loops the switch control character 
back through the backplane connection to the destination 

[0158] Step 191 represents I lie process carried out in the 
destination port of receiving the switch control character 
transmitted by the source port and realizing the backplane 
channel in use is now clear. The destination port then drops 
the backplane connection and transmits a release frame on 
the protocol bus. All other ports see that release frame and 
update their scoreboards to indicate availability for that 
backplane channel. The switch ports involved in this trans- 
action arc now readv for a new transaction so processing 
returns to start state 148. 

[0159] In the case where the destination node initiates the 
CLS, test 182 vectors processing to the closing sequence 
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which starts with step 195. Step 195 represents the process 
of the destination node initialing a ( I S. The CLS is received 
by the destination port and Eorwarded across the backplane 
connection to the source port followed by a switch control 
character (currently 20 consecutive zero bits). 
[0160] Step 197 represents the process that happens at the 
source port when the CLS and switch control character is 
received by the source port. The source port forwards the 
CLS onto the local loop and holds the switch control 
character. The CLS reaches the source node, and it responds 
with its own CI.S. This CLS is received by the source port 
and forwarded to the destination port across the backplane 
connection. After forwarding the CLS onto the backplane 
connection, the switch control character is sent across the 
backplane connection. The source port then closes its back- 
plane connection. 

[0161] Step 199 represents the process which occurs at the 
destination port when the CLS and switch control character 
are received there. The CLS is forwarded onto the local loop 
by the destination port. There it is received by the destination 
node which causes the destination node to close. The des- 
tination port then notes that it has received back the switch 
control character it originally sent to the source port and 
closes its backplane connection. The transaction is then over 
and the two switch ports are ready for a new transaction. 
Processing thus returns to a start state represented by block 
148 as symbolized by step 193 

[0162] Note in all of the above embodiments, the frame or 
frames stream through ports 126 and 124 and backplane data 
path 130 without ever being stored in any buffer memory 
and without ever being segmented into packets that require 

[0163] The lookup table in each port circuit is slightly 
different than the lookup table in the bridge described in the 
parent described in the parent application. There, only two 
half bridges were coupled together, so the routing table 
could output only a f if the destination was local or a 0 if it 
was not, or vice versa. With the many half bridges of the 
switch, the routing table must store more bits for each 
destination address, those bits (6 ID bits plus one bit for 
validity of the port) define the unique ID of the particular 
port to which each node having a particular destination 
address is coupled. 
[0164] The Scoreboard Table 

[0165] In the preferred embodiment, a scoreboard table is 
used to store port status and privilcdgc information. When- 
ever the local FCAL net of a port is busy, the port connected 
to that FCAL net sends a message to update its status in the 
scoreboard to "busy". When the FCAL net becomes avail- 
able again, the port connected to that net sends another 
message to the scoreboard to update its status to "available". 
The scoreboard can also store privilege information to 
implement security rules to prevent certain ports from 
communicating with other ports. The status states map to the 
following actions by the switching circuit: "busy camp" 
equals wait and do not forward OPN so no RRDYs get back 
to source node and no data is sent; "available" equals 
connect and send OPN to destination; and "busy no camp" 
equals generate a CLS and send it back to the source node, 
and "no privilege" equals generate an OPN and send back — 
this will tell the source node that the destinat node is not 
available. 



[0166] Summary of the Preferred Routing Algorithm 
using a Scoreboard and Protocol Bus 

[0167] Thus, in the local and remote destination methods 
described above, the preferred embodiment includes the 
following steps lor consulting the score hi >ard (this method is 
reflected in FIGS. 6A and 6B). 

[0168] After the OPN and any following RRDYs from the 
source node are latched, the port that latched the OPN 
determines the port ID of the port coupled to the destination 
node by consulting the nulling table as described above. 
After determining the ID of the remote destination port, that 
port ID is used as a search key to consult the scoreboard 
table to determine if the port is available and if there is the 
privilege to talk to it. If the remote ports status is "busy 
camp" and camping is allowed, send a connect request 
message and wait for the remote port to finish its current 
conversation, grant the connect request and send back a 
connect response message naming the backplane channel to 
use. If the remote port's status is "no privilege", generate an 
OPN and send it back to the source node. If the remote port's 
status is "available", send a connect request message to the 
remote port over the protocol bus. If the status if "busy no 
camp", return a CLS to the source node. This causes the 
remote port to arbitrate for and win control of its local loop. 
When control is won, the remote port then sends a reply 
message to update its scoreboard status to busy and naming 
the backplane channel to use. The scoreboard circuitry sees 
the reply message and updates the status of the port whose 
ID isdin the reply message to busy. The reply message 
causes the first port to generate signals to the crossbar switch 
to open a connection between the two ports. The first port 
then sends the latched OPN and any latched RRDYs to the 
second remote port coupled to the destination node, and the 
process proceeds as described above until the transaction is 
completed. When the transaction is completed, both ports 
relinquish control of their FCAL nets and the destination 
port posts a message on the protocol bus that both the source 
and destination ports are availble. The scoreboard circuitry- 
sees this messages and automatically updates the status of 
each of these ports to "available ". 

[0169] When search of the routing table with the destina- 
tion address of the OPN received at the fust port from the 
source node indicates that the destination node is local, the 
scoreboard is not consulted and the bypass data path is 
activated. Then a message is sent by the first port to the 
scoreboard updating its status to "busy" to let all other ports 
know that the FCAL net coupled to the first port is tempo- 
rarily unavailable for any other loop tenancy. Of course 
camping is allowed on local connection in the case of a 

[0170] The status data in the scoreboard table will indicate 
a port is busy when the FCAL net coupled to the port is tied 
up in a loop tenancy. 

[0171] Referring to FIG. 7, there is shown a block dia- 
gram of a typical switch chip such as those represented by 
blocks 124, 126 and 128 in FIG. 5. Three FCAL net ports, 
each having a transmit and receive terminal, are shown at 
200, 202 and 204. Each port has an FCAL net interface 
comprised of a f Gbit/scc scrializcr/dcscrializcr shown at 
206, 208 and 210. The function of these SERDES interfaces 
is to transmit and receive serial data, converting the serial 
data stream to and from 1 0-bit characters used internally in 
the switch chip. 
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[0172] The received 10-bit data data is re-timed in an 
elastic buffer, shown at 212, 214 and 216, producing a 10-bit 
data stream whose timing is identical to the transmitted data. 
[0173] A loop port state machine (LPSM) lor each port, 
shown at 218, 220, 222, functions to process received FCAL 
data and generate commands to establish the proper con- 
nection to either the local FCAL net or to a designated 
channel through the backplane so as to facilitate coupling of 
the received data on whatever data path the state machine 
establishes. The state machine also functions to receive data 
from the crossbar switch coming from a remote port and 
couple it onto the FCAL net local loop of that port. The state 
machine also functions to do the routing table searches and 
scoreboard tabic searches to determine when and FCAL 
transaction from the local loop must connect to the switch 
fabric and to post transaction messages on the protocol bus 
such as connection requests, reply messages, scoreboard 
updates etc. The switch fabric refers to the backplane data 
paths and switching circuitry that allows connections 
between different ports, file stale machine also functions to 
arbitrate for control of the local FCAL net when a connec- 
tion request is received from the switch fabric, and, when 
control is achieved, pick a backplane channel and generate 
the reply message. Another function of the state machines in 
every port in dual simplex mode is to store the buffer credit 
RRDYs output by the source node and forward these 
RRDYs to the third port, one RRDY at a time up to the 
buffer credit limit, when an OPN for a dual simplex trans- 
mission is received from a third node. Basically, all the logic 
and intelligence of each hub to carry out the functions 
described herein for the preferred or alternative embodi- 
ments resides in the states of the state machine. The par- 
ticular design of the state machine is not critical, and any 
state machine (or programmable machine if it is fast enough 
such as a microprocessor) which can perform the functions 
denned herein will suffice to practice the invention. The 
novelty is not believed to be in the particular design of the 
state machine but in the functions it performs in each port. 
[0174] Since each switching circuit such as 124 in FIG. 5 
contains three ports (only one port is shown in FIG. 5), each 
switching circuit contains a port multiplexer, shown at 224 
in FIG. 7. The port multiplexer interfaces the three state 
machines or I PSMs to the backplane data channels 226. The 
state machines control the multiplexer 224 to keep local 
destination traffic for each port local but to couple traffic 
between the port and a remote port to a channel on the 
backplane. The port multiplexer and the state machine 
jointly determine the nature of each new conversation (local 
or remote) by searching a routing table stored in memory 
228. Preferably, memory 228 is a lookup table. 
[0175] The backplane 226 comprises the datapath and 
control logic required to receiv e and transmit the backplane 
data between switching circuits as well as multiplexing 
circuitry to shunt backplane data to and from the state 
machines via the port multiplexer 224. Backplane connec- 
tions and data channel availability are tracked by a back- 
plane protocol circuit which manages scoreboards in each 
port which have their data synchronized via broadcasts over 
the protocol bus 121. 

[0176] The state of each switch chip is monitored by a 
management circuit that interfaces to the system through 
2-wire bus 232. JTAG circuit 234 is used for testing the 
switch chip. 



[0177] The serializer deserializer function (hereafter SER- 
DES) of each port at 206, 208 and 210 is provided by the 
GigaBlaze SerialLink™ megafunction circuitry which is 
commercially available from LSI logic or any equivalent 
SERDES circuitry, the details of which are hereby incorpo- 
rated by reference. The SERDES circuits accepts differen- 
tial, 8b/10b encoded serial data at the rate of 1 Gbit/sec, 
demultiplexes it into aligned 10-biI characters and recovers 
a receive clock from the data. At the same time, the SERDES 
multiplexes outgoing 10-bit characters into a 1 Gbit/sec 
differential transmit data stream using a self-contained lOx 
clock multiplier. Other currently available SERDES circuits 
may be used also either at macros in layout of the switch port 
chips or as external parts. 

[0178] The elastic buffers 212, 214 and 216 absorb dif- 
ferences between receive and transmit data rates which can 
vary up to 100 ppm from the nominal rate of 1.0625 
Gbits/sec. The elastic buffers re-time the incoming data 
stream so that its timing is compatible with the transmit data. 
This is achieved by storing received data in a FIFO as 
previously stored data is removed at a rate defined by the 
transmit clock. If the receive and transmit rates are not 
equivalent, the receive and transmit pointers will eventually 
converge. To prevent this, logic senses an impending pointer 
collision, and repeats or deletes data when the I'C-AL lill 
word data is present in the FIFO. A fill word is a Fibre 
Channel ordered set defined to be inscrtablc or dclctablc as 

cuitry to perform a smoothing function to repair intcrframc 
gaps that have been made too small by the I H O by deletions 
from a small interframe gap so as to make it so small that it 
creates problems downstream. The repair of interframe gaps 
is done by inserting fill words into small gaps and removing 
fill words from large gaps. Specifications for such a FIFO are 
provided in the FCAL standards documents which are 
incorporated by reference herein. 

[0179] The state machine in each port is similar to the 
FC-AL specification state machine but different in that it is 
passive and never transmits or receives frames itself. The 
state machines 218, 220 and 222 relay OPNs and frames to 
remote destinations as well as performing the other func- 
tions defined above. When a state machine receives data 
from the backplane, it arbitrates for control of its local FCAL 
net with high priority according to arbitration rules defined 
in the FCAL standards incorporated by reference herein. 
Once control is achieved, the switch port then relays the 
OPN and frames onto the local FCAL net. 

[0180] The state machines also implement the dual sim- 
plex process described above. Dual simplex mode can be 
turned on or off by management commands received on bus 
232. When this mode is on, the state machines convert full 
duplex OPNs to remote devices to half duplex OPNs to the 
same destination address. This leaves the source port avail- 
able to receive an incoming connection from a third port. 

[0181] The state machines do not need to participate in 
loop initialization, but rather they optionally allow initial- 
ization to occur as it would in a prior art FCAL net 
configuration and then change the state of the switch to 
allow the state machine to active engage source and desti- 
nation nodes and control data flow therebetween. Before 
switching from hub mode (the switch can be instructed to act 
as a hub instead of a switch), the state machines also 
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function to learn the mapping between each destination node 
address and the port ID of the port to which that destination 
node is connected. This learning can be performed by either 
a discovery process or OPN trapping, and will be discussed 
below. The mappings learned in either process are written by 
the state machine to the routing table in memory 228. 

[0182] The porl multiplexer 224 selectively connects each 
port to each other within the switching circuit or to the 
backplane 226. The port multiplexer has three multiplexer 
blocks each of which is controlled by a portmux state 
machine. Local traffic connections are implemented by 
connecting a transmit data path and a receive data path 
between the two state machines in the port multiplexer 224. 
Remute eunneetiiins are established by connecting the trans- 
mit data path and receive data path between the stale 
machine and the backplane. Each channel through the port 
multiplexer actually implements two transmit and receive 
data paths. In full duplex operation, only one TX-RX pair is 
used to carry half or full duplex conversation. When a port 
is configured for dual-simplex operation, the outgoing con- 
versation uses one TX-RX pair to transmit data to and 
receive flow control primitives from the destination node 
while the other pair is used to receive data from and transmit 
flow control to any third node in the event a third node 
connects to the source port. 

[0183] The port multiplexer 224 also contains a camplist 
FIFO for each of the three ports in the switch chip. These 
FIFOs are used to record the IDs of remote ports that have 
made a priority request to the switch port but which have not 
been serviced yet so as to implement the fairness token 
highest priority to these remote ports which have not yet 
been serviced and prevent any starvation of a port. 
[0184] The backplane 226 is a group of parallel point-to- 
point data paths which physically comprises 14 2-bit wide, 
531.25 Mbit/sec data paths and a 265.625 MHz strobe signal 
imlcmcntcd using differential LVDS to drive the receiving 
switch chip. The switch chips are connected such that the 
backplanes form a ring of point-to-point connections. The 
strobe is generated by an integrated PLL 227 and is timed 
with outgoing data such that it can be used to latch the data 
at the destination switch chip which is the next chip in the 
ring. Each data channel on the backplane may operate in the 
pass-through mode, or it may be configured to align incom- 
ing data into 20-bit words and steer data to and from a port 
multiplexer channel, which typically happens when a remote 
connection is being serviced by a port. Each port can be 
configured to statically listen and transmit to certain chan- 
nels to support broadcast. 

[0185] The backplane logic tracks the availability of each 
backplane channel, and can be configured to associate a data 
channel with a receiving port and only release it when no 
other channels are available. This is useful where backplane 
channels are underutilized to reduce latency. 

[0186] The protocol bus is an 18-bit wide data bus used for 
broadcasting connection requests and response messages to 
each switch chip in the switch. The bus is arbitrated by 
external logic that is asynchronous with respect to the main 
switch chip logic and thus can operate at any speed up to the 
limit determined by the system design. Each switch chip 
monitors the protocol bus and updates the status information 
in its copy of the scoreboard such that every port knows the 
busy/available status of every other port. This allows denial 



of full duplex connections at the source if the destination 
port is busy. Dual simplex is an exception to this rule. The 
scoreboard also prevents loops of camped devices by deny- 
ing any camping connections to a port that is already camped 
on another port. 

[0187] The routing table in LUT memory 228 stores 6-bit 
mapping data between each destination address and its port 
ID. Each port in a switch chip must have received a unique 
ID assignment from external management software before 
the system can operate as a switch. The LUT memory has 
three 10-bit read address ports, one dedicated to each port on 
a switch chip. The LUT has one 10-bit write address port for 
writing associations from the state machines developed in 
the learning process and also has 7-bit read and write address 
ports used by management software which does not form 
part of the invention. Internal logic in the LUT converts the 
10-bit AL_PA destination addresses to 7-bit addresses for the 
128x8 SRAM. The output from the LUT is a 6-bit port ID 
that maps to the Al _PA input al Ihe address porl of Ihe 
lookup table, a valid enlry bit and a bit that indicates whether 
the destination node is local to the switch chip. When a port 
receives an OPN from its local loop, it uses LUT 228 to 
determined if the conversation will be loop-local (destina- 
tion on local loop), chip-local (destination on the local loop 
of another port on the same chip) or remote. 

[0188] The LUT is initially loaded by a learning process 
called OPN trapping in which each port observes OPNs on 
its outbound local loop port and writes a destination address 
to LUT if a response to the outbound OPN on the local loop 
is detected on the local loop inbound data path. The port then 
posts a message on the protocol bus that its local loop has the 
destination address of the outbound OPN and giving its 
switch port ID. All the other ports receive this message and 
write the mapping into their routing tables. 

[0189] The contents of the LUT are cleared by a state 
machine and counter triggered by a managment command or 
the rising edge of a chip reset signal. Clearing the LUT takes 
128 clock cycles. 

Operational Overview 

[0190] The switch chips of FIG. 7 can be operated in three 
fundamental configurations: hub. switch and locked. Initial 
operation is in hub mode where each port is coupled to its 
neighbor ports to form one big Fibre Channel Arbitrated 
Loop (FC-AL). In locked mode, each port is standing by in 
preparation for a mode switch or broadcast. In switch mode, 
each port forwards data back onto its local loop until an OPN 
to a remote node is detected, and then a connection to the 
port coupled to the remote node is initiated through the 
backplane. 

[0191] FIG. 8 illustrates hub mode. In hub mode, the state 
machines of all ports cooperate to forward loop data from 
the receiver of one port to the transmitter of the adjacent port 
through the port multiplexer 224. Because each switch chip 
can specify to the management software through a manage- 
ment-programmable register which hub mode backplane 
channel it uses, it is possible to partition the switch into 
several distinct loops instead of one big one. The hub 
channel is selectable on a per port basis. 

[0192] Switch mode the state machine of each port moni- 
tors traffic on its local loop and forwards data from its 
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receiver to its transmitter when an OPN designating a 
remote node is received on the local loop. When this 
happens, the state machine breaks the local loop and sub- 
stitutes fill words on the local loop transmitter so that nodes 
on the local loop do not know the loop has been broken. The 
OPN is held while a connection attempt to the remote port 
is made. If the connection can be made, the remote port 
conducts unfair arbitration to win control of the remote loop, 
breaks that loop if it wins control and transmit and receive 
connections between the two loops are initiated to form a 
loop across the backplane between the source and destina- 
tion nodes. FIG. 9 shows a typical switch connection 
between two ports on different chips as data path 250, a 
simultaneous loop-local conversation represented by data 
path 252 and a simultaneous chip-local conversation as data 
path 254. 

[0193] At any time, a number of these connections may 
exist with the maximum number of chip to chip data paths 
limited by the number of backplane channels. 

[0194] Transactions that are purely loop-local proceed 
without intervention of the state machine in the preferred 
embodiment with the exception that the state machine 
momentarily holds the OPN received while it checks the 
destination address in the LUT 228. If the destination is on 
the local loop, then the OPN is forwarded onto the local loop 
and the state machine transitions into the busy monitoring 

[0195] The state machine also detects a local tenancy by 
monitoring the RRDY primitive, and the tenancy is termi- 
nated when a CLS is detected. At the time a CLS is detected, 
the state machine returns to either a monitoring state or to a 
remote arbitration state if a pending remote request exists in 
the camp on FIFO (not shown in FIG. 7). 

[0196] Chip-local transactions are handled by the port 
multiplexer 224 by arbitrating for local resources and physi- 
cally multiplexing the dala for all chip-local conversations. 
The state machine signals the port multiplexer and forwards 
the destination address after receiving an OPN from the 
local loop naming a destination on [he same chip but a 
different FCALnct. Ahit on one of the other two ports in the 
chip initiates the transmit request sequence. 

[0197] The transmit requests to chip-local ports must be 
broadcast on the protocol bus to resolve port contentions and 
deadlock issues. Local requests proceed normally without 
posting to the protocol bus as no deadlock is possible for 
local only transactions. 

[0198] When a remote destination address is detected in an 
OPN from a local 1 « ip (done by the port multiplexer in some 
embodiments), the port multiplexer forwards the request to 
the protocol bus logic 121 which arbitrates for the bus and 
assembles a request frame. The destination or remote port 
receives the frame and either begins unfair arbitration for the 
remote loop or queues the request in a FIFO-ordered list of 
campers. Eventually the request is serviced, and arb on the 
remote loop is won. At this time, the remote port issues a 
response frame on the protocol bus containing both grant 
and backplane channel ID on which to converse. The 
requesting port releases the OPN once the grant is received 
and awaits the first valid K28.5 primitive from the chose 
data channel. The remote port, upon receiving the OPN 
primitive, releases its local traffic onto the data channel and 



enters the connected state. The remote tenancy is considered 
terminated when the state machine has detected a CLS from 
both the source node and the destination node. 
[0199] Each state machine implements a port bypass cir- 
cuit and a parallel loopback mode, and each SERDES 
implements a serial loopback mode. The port bypass and 
parallel loopback modes arc also used to bypass a faulty 
local loop while the switch is operating. 

[0200] Port Bypass, Parallel Loopback and Serial Loop- 

[0201] Each switch chip has three multiplexers that may 
be used to control the flow of data without regard to the 
FCAL protocol as illustrated in FIG. 10. These three mul- 
tiplexers control port bypass mode, parallel loopback mode 
and serial loopback mode. 

[0202] The port bypass circuit 260. when enabled, con- 
nects line 262 from the port multiplexer 224 in FIG. 7 back 
to the port multiplexer via line 264 and port bypass switch. 
This has the effect of forwarding data from the port multi- 
plexer 224 back to its source without travelling across the 
local loop coupled to transmit interlace circuit 266 and 
receive interface circuit 268 coupled to the inbound and 
outbound data paths of the local FCAL net. SerDes (serial- 
izes deserializer) circuit 270 does the serialization and dese- 
rialization function described above. Data incoming from 
the local FCAL net is never sent to the port multiplexer 224 
when port bypass mode is engaged. The port bypass circuit 
260 may be engaged by the managment software, and is 
automatically activated under certain error conditions. It 
may only be disengaged by management. In normal opera- 
tion, 10-bit words generated by Giga Blaze circuit 271 on 
output 270 are coupled through port bypass switch 260 to the 
port multiplexer via line 264. 

[0203] Parallel loopback mode is manually engaged and 
disengaged by the management software, and is qualified by 
the port bypass enable. That is, parallel loopback mode is 
always disabled when port bypass is disabled. When a 
switch chip is in parallel loopback mode, incoming local 
loop data received by Giga Blaze circuit 271 at input 278 
from the receive interface circuit and output on line 270 is 
sent immcdialeh to Ihc transmit interface circuit 266 via line 
272, parallel loopback switch 274, Giga Blaze circuit 271 
and output 276. This happens under all circumstances when 
parallel loopback mode is engaged. Data from the port 
multiplexer 224 is never sent to the local loop while parallel 
loopback mode is engaged. If port bypass is enabled an 
parallel loopback is disabled, the loop is broken at the 
parallel loopback switch and ARB(F7) primitives are trans- 
mitted onto the local loop. 

[0204] Serial loopback mode is primarily used for testing 
the data paths in the switch chip. 
[0205] Priority and Camping 

[0206] All chip-local and remote connections fall into one 
of three priority classes: none, low and high. All connection 
requests from a switch port default to a static priority level 
(which is typically no priority) which can be set my man- 
agement software. Priority for requests can be escalated to 
low or high by a number of mechanisms. 

[0207] Priority escalates from none to low after a man- 
agement programmable number of consecutive denials. If 
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management software sets 0 as the number of denials, this 
escalation is disabled. After the trigger level is exceeded, the 
priority deny count is reset and a low-priority request bit is 
set for exactly one arbitration interval. This arbitration 
interval begins after the low priority trigger value has been 
exceeded and an IDLE primitive has been detected on the 
inbound port of the state machine. All subsequent remote 
requests will use low priority until another IDLE is detected, 
ending the arbitration interval. 

[0208] The management software can also directly esca- 
late priority on a port by enabling a rotating-token scheme 
in which each port requests at high priority for a period of 
time while other ports deny requests to a port. 

[0209] This mechanism guarantees each port a chance to 
service its local clients, at the expense of servicing any new 
remote requests. The token position is computed indepen- 
dently by each switch chip through use of a 6 bit token port 
ID location, a 6 bit token compare mask, a f 6 bit token hold 
length register, and a single token priority enable bit. The 
token enable bit controls whether the token passing scheme 
is active in switch mode. If the enable bit is set to 1, the 
token passing scheme is enabled for the switch chip. All 
switch chips must set their token enable bit to the same value 
before transitioning to switch mode. 

[0210] This mechanism allows for fairness to be main- 
tained throughout the system. This feature is critical in 
congested server environments where starvation of disk 
access can freeze an application. The circulating fairness 
token prevents this from happening. 

[0211] The token position counter identifies the port or 
port group that holds the token. A port holds the token if the 
port ID of the port AND 2 -ed with the 6 bit compare mask 
matches the token counter value AND-ed with the compare 
mask. If a port holds the token, its requests are made with 
high priority. Ports wishing to request a port that holds the 
token are denied so that the camp list of the port holding the 
token can drain and local requests can he serviced. 

[0212] The token position counter is incremented when a 
management-specified number of wall clock counter bits roll 
over to zero. The wall clock counter is a 24 bit counter which 
is incremented every word clock period of 40 ns, resulting 
in a range of approximately • of a second. The token 
position increment signal is computed OR-ing the lower 8 
bits of the wall clock together with the bits resulting from an 
AND operation between the upper f 6 bits of the wall clock 
and a 1 6 bit token length value, which should be set to a 
string of logic ones padded to the left with logic zero. When 
the resulting value is zero, the token counter is incremented. 

[0213] The length of the string of logic ones in the token 
length register determines the amount of time that each port 
will be assigned the token. For example, if the value of the 
token length register is 0¥3 f, the token counter will be 
incremented every time the lower 14 bits (8 LSB's+6 
additional bits) are zero, or every 2 14 *40 or about every 650 

[0214] Camping on a port means that a remote request 
waits on a busy destination port until that port becomes 
available. Anon-camped request will simply be closed at the 
source if the destination port is busy. Campers are ordered 
in a camp list FIFO which has a depth of 8 entries. 



[0215] Low and high priority are allowed to camp on a 
port if the camp list for that port is not currently full and the 
desired port is not holding the token. High priority requests 
differ only in that at the destination port they may be queued 
up to the depth of the camp list, while low priority requests 
queue to the low-priority camp depth set by management. 
All requests are serviced by a single queue with FIFO 
discipline. An alternative embodiment uses separate queues 
for high and low priority thus allowing high priority to jump 
to the head of the line. 

[0216] Camping on a port that is already camping on 
another port can create a deadlock situation in which two or 
more camped ports form a cycle. No forward progress can 
be made when this occurs, resulting in a "fatal embrace". 
Such deadlocks are prevented by scoreboarding all ports 
which have outstanding requests. If the request has been 
observed on the protocol bus but no response has been 
issued by the target port, then the requestor port is marked 
as camped in the scoreboard All requests to ports marked in 
the scoreboard as camped are immediately denied. Once the 
port in question has been issued a response, implying a grant 
and an allocated backplane channel, the formerly camped 
port can begin accepting campers. 

[0217] One anomaly exists which involves no-priority 
campers. Due to implementation issues, it is easier to permit 
the very first request to camp regardless of priority. Thus, 
even a no-priority request, if issued to a port that is busy and 
has an empty set of camp lists, will be camped. This 
anomaly occurs because there are difficulties in detecting a 
busy port unless the port is involved in a remote conversa- 
tion that can be reflected in the scoreboards. 

[0218] Transitions from Hub to Switch 

[0219] In order to transition the system from switch mode 
from hub mode, the system must first be locked. Before 
initiating a lock from hub mode, the management software 
should set all parameters necessary for switch mode transi- 
tion while the system is in hub mode so that the time spent 
during the transition in the locked state is minimized. Since 
transactions cannot be initiated while the system is locked, 
it is possible that an NL_port could time out and LIP 
(initialize) if the system is locked lor too long, causing the 
hub to switch transition to fail. 

[0220] Once the system is locked, external logic asserts a 
signal which sets the port multiplexers such that each port is 
partititioned from the system. During this time, each loop is 
broken, and IDLEs arc driven onto the local loops in order 
to nullify ARBs that may still be present from hub mode 
arbitration. Next, the locking signal is deasserted, and, after 
a brief delay in which IDLEs are sent to the outbound port, 
the switching chips transition to the monitoring state and 
switch mode operation commences. 

[0221] If a LIP or other exceptional condition is detected 
during the switch mode transition, the system sets an output 
to a state that indicates the mode transition failed and the 
system is still in hub mode. 

[0222] Destination Node Address Discovery Processes 

[0223] The associations between node addresses 
(AL_PAs) and their associated ports are determined at 
initialization time through a learning process referred to 
herein as OPN trapping. An OPN primitive is said to be 
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trapped in hub mode when it has been transmitted onto a 
local FCAL net and an RRDY primitive received in its place. 
When an OPN has been trapped, the switch chip has the 
destination node address (AL_PD) of the device residing on 
the FCAL net where the trap occurred as well as the port ID 
of the port servicing the loop. This information is stored in 
the LUT routing table 228. 

[0224] Storing addresses into a single LUT is not sufficient 
for proper switch operation. The data in the LUT routing 
table of each swilch chip in the system should he filled in 
before transitioning to switch mode. This can be achieved in 
two ways. The slower method, yet simpler to implement in 
the circuitry of the system, is to use the management 
interface to read every address in every LUT and build the 
LUT contents in software. The CAMs of every switch chip 
are then loaded through the management interface. 

[0225] The CAMs can also be synchronized as the OPNs 
are trapped through communications on the protocol bus. 
Since the protocol bus is only utilized for scoreboarding 
during switch mode, every trapped OPN results in a protocol 
bus transaction that advertises the node address and the port 
ID to all switch chips. 

[0226] The discovery of every utilized AL_PA through 
OPN trapping can be facilitated in a passive or an active 
manner. During hub mode, if passive OPN trapping is 
enabled, normal traffic will result in trapped OPNs which 
will eventually populate every LUT with the address-port 
associations of every NL_port in the system. 

[0227] AL_PA active discovery is a procedure by which 
the switch chip learning process is acelerated by additional 
logic on each switch chip. Active discovery is initiated by 
asserting a signal on each switch chip while it is in locked 
state. Once active discovery is initiated, a signal BCST- 
_BUSY is driven low, and a 10-bit counter cycles through 
the 1024 10-bit words. Each word is passed through an 
address encoder which generates a signal that is active 
whenever the 10-bit word corresponds to a legal AL_PA. For 
each such word, the discovery process is triggered for each 
port on the switch. 

[0228] The active discovery process starts with an OPN 
transmitted onto the local loop using the counter word as the 
AL_PD or destination address. The OPN is immediately 
followed by an interframe gap and a CLS. This sequence 
will travel around the loop and return to the discoverer if a 
device with that particular AL_PD is not on the local loop. 
If the node with that destination address is on the local loop 
and the node is not bypassed, the node will consume the 
OPN and CLS and send a CLS of its own. In this case, the 
discovery logic will write the AL_PA to port associated into 
the CAM. After an OPN or CLS is received at the receive 
port of the port which launched the OPN onto the local loop, 
the active discovery state machine pauses until the counter 
reaches another valid AL_PA. Once all valid addresses are 
attempted, the entire Arbitrated Ixiop address space has been 
deterministically mapped. This causes the BCSTBUSY 
signal to be allowed to float to logic 1, signalling that active 
discovery is complete. Active discovery may be aborted by 



deasserting the signal which initiated it which results in 
immediate reset of the discovery state machine. 

[0229] Loop Port State Machine Policy 
[0230] The loop port state machine is not a strict imple- 
mentation of a conventional FCAL loop port state machine 
since it must switch OPN sequences and subsequent frames 
to and from the backplane and post messages to and read 
messages from the protocol bus and update the scoreboard 
and carry out the learning protocols. 

[0231] While the exact design of the state machine is not 
critical to the invention, all designs must be able to perform 
the functions described above for at least one embodiment 
and, at least in the preferred embodiment, must adhere the 
following rules. 

[0232] 1) The LPSM must preserve word alignment 
unless it is absolutely impossible to do so. Since bugs 
exist in the HP Tachyon™ design which fill the loop 
with nonsensical transmissions if a K28.5 is followed 
by a character and another K28.5, any l.PSM imple- 
mentation that shares the loop with a Tachyon-based 
device must exercise great care in aligning output 

[0233] 2) The LPSM must not disturb OPN-CLS or 
SOF-EOF symmetry, nor should it unintentionally dis- 
turb credit How by removing and adding RRDYs. In 
dual simplex cases, the LPSM will intentionally 
manipulate credit by absorbing RRDYs and rerouting 
them to an alternate destination. 

[0234] 3) The LPSM must conform to the FCAL 
requirements regarding interframe gaps. Also, the 
LPSM should avoid interframe gap conditions which 
are FCAL legal, but cause interoperability problems 
with current equipment. 

[0235] 4) The LPSM may operate in unfair mode in 
order to prioriti/.c remote connections over local con- 
nections, but it must not break arbitration by prema- 
turely resetting the access window, or starvation may 

[0236] 5) The I .PSM must allow loop initialization to be 
triggered and to proceed in a reasonably normal man- 

[0237] FIG. 11 is state table describing the various LPSM 
states in the preferred embodiment. 
[0238] Loop Port Unfairness 

[0239] An LPSM always operates in unfair access mode in 
order to obtain the loop as soon as possible. The current 
arbitration window is not observed and the high priority 
ARB (usually ARB(0), but programmable by the manage- 
ment software to be any AL_PA) is used to gain control of 
the loop. Simply put, the loop port state machine issues ARB 
on the loop whenever a remote request is pending and 
continues to do so until the same ARB is received back at the 
LPSM indicating that the LPSM has won arbitration. 
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[0240] If the LPSM receives an OPN or RRDY primitive, 
then another device on the loop won arbitration. In this case, 
the LPSM continues to issue its ARB, and monitors the loop 
until arbitration is won. While arbitrating, an OPN may 
arrive from the loop; the AL_PD of the OPN is then used to 
search the LUT to determine whether the OPN is to a remote 
or local device. If the OPN is remote, the LPSM synthesizes 
a CLS in an attempt to end the tenancy of the device on the 
local loop which sent the OPN which is interfering with the 
arbitration attempt of the LPSM. Thus, remote tenancies 
which have already traversed the protocol bus and are 
present camped are heavily favored over local devices who 
are attempting to make a remote connection. If however the 
OPN received from the local loop during arbitration by the 
LPSM is directed to a local device, the LPSM continues to 
arbitrate while processing the local transaction normally. 

[0241] Interframe Gaps 

[0242] The ports on every switch actively participate on 
I ho ir loops when they are facilitating a remnle lenancy. The 
two primitives RRDY and CLS are used according to FCAL 
net interframe gap policy. The specific policy that the switch 
chips use is that if a current primitive is a fill word and two 
consecutive fill words have previously been detected, then 
insertion of the RRDY or C I S may take place. Lor purposes 
of this policy, fill words are defined as ARB(x) and IDLE 
primitives. 

[0243] Fill Word Insertion 

[0244] Fill words are generated and inserted onto the local 
loop when the LPSM is not in the LPSM_MON state 
(hereafter the states of the LPSM will be referred to by the 
acronym that follows LPSM_in FIG. 11). Rules governing 
fill word generation ensure that the current arbitration state 
of each loop is maintained independently. The problem for 
each switch chip when it is coupled to a source loop, i.e., the 
loop having the source node, is that it must send fill words 
that are relatively innocuous. An NL_port in an OPEN state 
will transmit ARB(FO) which it uses to determine if any 
other ports on the loop are currently participating in arbi- 
tration. If the open NL_port receives ARB(FO) in return, the 
NL_port has the option of retaining the loop and sets it 
current fill word to IDLE, thereby resetting the arbitration 
interval. The LPSM needs to send a management program- 
mable low priority ARB that does not possess the potential 
to disturb the local loop access state like ARB(FO) does. For 
this purpose, the ARB(F7) is suitable, as it is only used by 
a non-participating port to quiesce the loop prior to sending 
a loop initialization primitive LIP in order to receive a valid 
AL_PA. 

[0245] The fill word generation matrix for the source loop 
is given in FIG. 12, and the destination fill word generation 
matrix is given in FIG. 13. In the source loop LPSM, the 
ARB(F7) state is entered when a local OPN is received, and 
a minimum of 6 current fill word primitives are sent when 
relinquishing the loop. In the destinaton loop LPSM, the 
ARB(FO) state is entered when a remote connection request 
is received, and the ARB(FO) state is entered when a tenancy 



is established and an OPN is passed. A minimum of 6 current 
fill words are sent when relinquishing the loop. 

[0246] Remote Data Transfer 

[0247] In order to reduce the amount of decoding required 
to merge the data stream of a remote connection into the flow 
of data on the local loop, very few primitives arc passed 
across the backplane. 

[0248] Miscellaneous Primitive Handling 

[0249] The most common primitives that the switch chips 
must deal with are: IDLE, RRDY, ARB, OPN, SOF, EOF, 
CLS and LIP. The other primitives that may be encountered 
include: NOS, OLS, LR, LRR, MRK, LPB AND DHD. The 
handling of these other primitives is described below. 
[0250] NOS, OLS, LR and LRR Primitives 

[0251] When NOS or OLS primitives are detected, on the 
inbound port of a loop, the OLD_PORT detect flag of the 
port is set so that the management software can detect the 
condition. LR and LRR primitives will be fed back onto the 
local loop, but not through the backplane. 

[0252] MRK Primitive 

[0253] The MRK primitive is discarded if issued during a 
remote tenancy in dual-simplex. Otherwise, MRK primi- 
tives are passed around the local loop and across any remote 
connection. However, it is unlikely that a MRK will find its 
destination unless it is issued inside of a tenancy in which 
the target is on the destination loop, 

[0254] LPB And LPE Primitives 

[0255] The LPB and LPE primitives are trapped and 
written to management software. A detection flag is set for 
either an LPB or an LPE, and the AL_PD and AL_PS are 
w ritten to a 20-bit register that is accessible by the manage- 
ment software. 
[0256] 1)111) Primitives 

[0257] In dual simplex mode, all dynamic half duplex 
primitives are translated into CLS primitives. Otherwise, 
they are passed unaltered to their destination. 
[0258] Protocol Bus Definition 

[0259] The protocol bus is the medium by which the 
scoreboards for each switch chip arc kep current. It also 
serves to communicate switch connection requests and 
responses between switch ports. The protocol bus is defined 
as an 18 bit bidirectional data bus named PBD, a request 
output PBREQ0 for each switch chip, a grant input named 
PGGRNT1 to each switch chip, a shared bus idle input 
signal PBIDT.E1, and shared frame available input signals 
named PBFRM1. The protocol bus runs asynchronously 
with respect to the 106.25 MHz core circuitry to which it 
interfaces. It is only accessary to provide a clock of less than 
50 MHz for the bus to function properly. 
[0260] When a switch chip wishes to transmit a data frame 
on the protocol bus, it drives its PBREQ0 output. The 
PBREQ0 of each switch chip in the system is fed into 
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external arbitration logic which prioritizes the inputs and 
asserts a single PBGRNT1 output in the same cycle. The 
chip that receives the asserted PBGRNT1 deasserts 
PBREQO and then drives the PRD bus in the next cycle. The 
arbiter asserts PBFRM1 in the cycle following any 
PBGRNT1 to notify each switch chip that a data frame is 
present nu the protocol bus. 

[0261] Once a switch chip obtains a PBGRNT1, it must 
not assert PBREQ0 until it sees PBIDLE1 asserted from the 
arbiter. The PBIDLE1 is asserted whenever no chip is 
requesting the bus in a cycle, indicating lh;il the protocol bus 
arbitration window may be reset. 

[0262] Each protocol bus data frame possesses a slightly 
different format. These formats are depicted in FIGS. 14A 
through 14E. The abbreviations BP CHNL in FIGS. 14B 
and 14C stand for backplane channel. The abbreviation PID 
in FIG. 14E stands for port ID. 

[0263] The connection request data frame of FIG. 14A is 
sent by a port that w ishes to initiate a connection to a remote 
destination port and has found that the destination camp list 
can accept a request of the desired priority, and that the 
destination port is not current requesting a destination for 
itself. When a connection request is broadcast, every sw itch 
chip marks its 64 bit requester scoreboard and increments its 
camp list depth scoreboard for the destination and priority. 

[0264] Chip remote request frames have a 0x0 pattern in 
the LCL field shown at 300 in FIG. 14A while chip local 
requests place a 0x3 in this field. This difference in formal 
allows switch chips to update channel allocation scoreboards 
only on chip remote requests. If a chip remote request hits 
a channel that has been placed in an age list, a channel idle 
scoreboard for the channel owned by the destination port is 
cleared; otherwise, a need counter is incremented as will be 
explained in the next section. 

[0265] A connection response having the format of FIG. 
14B is broadcast by a port that has serviced a camp list entry, 
and indicates that a connection may be initiated over a 
backplane data channel specified in field 302. A connection 
response results in the clearing of the requestor scoreboard 
for the requestor ID given in field 304 of the response frame, 
and it also results in setting the responder scoreboard for the 
destination port. The port that own the allocated channel and 
the channel number are entered into the age list on the initial 
allocation of the channel. A responder port that resides on 
the same switch chip as the requester, indicating a chip-local 
connection, must still broadcast a response frame so that the 
responder scoreboard is updated in all the other switch chips. 
This type of chip-local connect respose carries an invalid 
channel ID code of Oxf, which indicates to receiving switch 
chips that the backplane usage scoreboard should not be 
modified. 

[0266] A responder channel idle frame having the format 
of FIG. 14C is driven on the protocol bus when a backplane 
channel completes a transaction. In the default system 
configuration, the channel is retained by the responder until 
the channel is required by another responder, thus reducing 



setup overhead if the destination node that just finished a 
tenancy over the channel is a frequently accessed destina- 
tion. When an idle frame is received, each switch chip 
updates its channel idle scoreboard to indicate the channel is 
available. 

[0267] The no-op frame of FIG. 14D is used as a late abort 
of a response due to channel allocation. This may occur 
when a request has been queued for transmission but a 
conflicting request is received before the queued request can 
be transmitted. The queued request is checked a final time 
before transmission, and if a local deny must take place, the 
frame is converted to a no-op and sent to get it out of the 
queue. Any other way of purging the queue will also suffice. 

[0268] The lookup table update frame of FIG. 14E is 
transmitted when an OPN is trapped on a local loop in hub 
or locked mode. The frame is then used by each switch chip 
to enter a node address AL_PA equal to the content of field 
into its LLIT with a port ID mapping as specified in field 308. 

[0269] Backplane Channel Allocation 

[0270] The example given herein for the configuration of 
the backplane has 14 separate backplane data channels, three 
of which may be dedicated to other uses such as broadcast. 
Channels are allocated by destination ports and remain 
assigned to them for as long as possible. A channel score- 
board indicates if any channels are free and is used to hold 
off any pending responses from ports which are not already 
connected to a data channel. If this is not the case, a need 
counter is incremented. When this need counter exceeds the 
physical number of data channels, then the backplane 
attempts to free up a channel while the destination port 
attempts to obtain a connection grant response from its 
LPSM. All data, channel connections (identified by response 
frames on the protocol bus) are stored in the age list which 
indicates the channels that have been held the longest and 
the port that currently ow n those channels. When the need 
counter exceeds the number of data channels, each switch 
chip consults its age list and selectes the channel to be 
relinquished. Idle channels are broadcast on the protocol bus 
using the frame of FIG. 17 when the camp list of the port 
owning the channel empties completely. The oldest owned 
channel is freed by the switch chips that owns the channel 
and all switch chips update their scoreboards to reflect the 
new stale, for every channel that is freed, the need count is 
decremented by one. 

[0271] Channels can also be freed in blocks of size greater 
than one. The size of the block of channels freed is deter- 
mined by management -programmable parameter. The 
switch chip management logic can also instruct the back- 
plane to always free a channel when it becomes idle, rather 
than only freeing the channel when the need arises. 

[0272] Switch Fairness 

[0273] Starvation is a problem because most of the fair- 
ness policies implemented by the switch chips guarantee 
remote access fairness to switch ports and not to the indi- 
vidual NL_ports. Thus, while an NL_port is guaranteed 
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access to its local loop and is guaranteed to win arbitration 
within one FCAL net access window, its tenancy will not be 
successful if the NL_port attempts to transmit to a reunite 
port and is denied connection by the switch. Usually, ran- 
domness of access patterns will result in statistical fairnesss. 
However, it is not uncommon to encounter degenerate cases 
where this behavior can occur repeatedly on a given 
NL_port, resulting in starvation of the port. 
[0274] To improve the fairness of access to the switch at 
the NL_port granularity level, it is necessary to guarantee 
that all NL_ports on a local loop get some fraction of the 
switch bandwidth. Mechanisms exist for escalating from 
no-priority requests to low-priority requests based on the 
number of consecutive denials of access issued by a remote 
port state machine and for rotating a fairness token among 
all the ports to guarantee that each port gets a turn at high 
priority access. 
[0275] Broadcast Support 

[0276] In the preferred embodiment, each switch chip's 
LPSM includes logic to support three possible broadcast 
modes: that of the broadcast sender, the broadcast server 
transceiver, and the broadcast receiver. For a switch chip to 
be able to send broadcasts, it must include logic to decode 
a broadcast sequence as described below, logic to determine 
whether the broadcast channel, if it exists, is busy, logic to 
forward a broadcast sequence directly to the local loop as it 
is received, and logic to write a preamble to the broadcast 
sequence and place the sequence on the broadcast channel if 
it is available. 

[0277] To decode a broadcast sequence, each switch chip 
should have the the following structure. Broadcast 
sequences are detected on the inbound port from the local 
loop. A broadcast sequence is defined to be the sequence of 
one or more broadcast OPN groups terminated by a CIS 
primitive. A broadcast OPN group is defined to be one or 
more selective or broadcast OPNs followed by data frames. 
[0278] The LPSM always forwards a broadcast OPN 
group back to its local loop, guaranteeing that all local 
NI._porls see (he broadcast and that the sender of the 
broadcast can clean up the local loop. If broadcast mode is 
enabled by the management software, the switch port also 
attempts to forward the broadcast to the predefined back- 
plane broadcast channel. If the channel is not already busy 
with a broadcast that is already in flight, the switch chip will 
prepend a unique, identifier sequence to the broadcast 
sequence and transmit the prepended sequence onto the 
broadcast channel. During the transmission, any broadcasts 
on the channel but upstream from the broadcasting switch 
chip will be discarded. As a result, only one broadcast may 
reach the broadcast server. When the server receives a 
broadcast, it reads the broadcaster ID prepended to the 
sequence. This identification mechanism excludes the origi- 
nal broadcaster from transmitting data onto the local loop a 
second time. The broadcast server then sends unicast to each 
of the destinations on the broadcast list. 
[0279] The server comprises one port of a switch chip that 
is configured to only listen and transmit on the broadcast 



channel, and a broadcast server board that is connected to 
the switch chip by its serial loop port. Broadcast sequences 
are received by the dedicated broadcast port and forwarded 
to the switch port connected to the broadcast server board for 
storage. 

[0280] In order for a switch chip to be able to receive 
broadcasts, the LPSM must include logic that discriminates 
whether an incoming broadcast originated at the port or at 
some other port from the data in the preamble prepended to 
the broadcast sequence. 

[0281] In order for a switch chip to be able to function as 
the transceiver interface to the broadcast server, a switch 
port must be configurable so that it only forwards data from 
the broadcast channel to the loop port and forwards data 
from the loop port back to the broadcast channel. This port 
should not be effected by state change requests or other 
exceptional conditions if it is configured as a broadcast 

[0282] Buffered FCAL Switch 

[0283] Referring to FIG. 29 there is shown a species of a 
buffered I CAI sw itch which tails w ithin a separate second 
genus of !•'( Al. switches, suitable for Class 3 fibre Channel 
operation only. Switches in this genus still uses the desti- 
nation address in the OPN to find the remote port but uses 
buffers instead of hold back flow control to complete the 
transaction to busy remote ports. Specifically, species within 
this genus will use the destination address of the OPN from 
the source node to find the location of the remote port. The 
destination address is used to look up the port ID of the 
switch port couped to the destination address. Suppose Then 
the status of that port will be checked. If the status is 
available, a connection request will cause a connection to be 
set up between the source node and the destination node via 
a source port connected to the source node and a destination 
port connected to the destination node. The buffer comes 
into play when the destination port is busy. In this situation, 
in the first genus described above, the normal primitives of 
the FCAL protocol are used for flow control to prevent the 
source node from transmitting any frames of data until the 
destination port becomes available. In the second genus 
defined in this paragraph, a buffer big enough to hold one or 
more complete frames of data is included in the front end of 
each switch chip, or multiple buffers each big enough to 
store a frame of data are included with each switch chip front 
end. Each of these buffers will serve as an auxiliary switch 
port and have its own connection to the backplane in some 
species or a single shared connection to the backplane 
through a multiplexer can be used. The preferred species 
uses multiple buffers each with its own connection to the 
backplane in addition to a connection directly from the 
switch port to the backplane for direct connections without 
buffering. In some species, a single shared buffer or multiple 
shared buffers on the backplane or in some central location 

[0284] In this second genus, the way the buffers are used 
is for the source port to generate an RRDY sua sponte when 
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it finds from a check of the scoreboard that the destination 
port is busy. The RRDY is sent to the source node and causes 
it to output a frame of data. This frame of data is stored in 
the switch port's buffer. Then a message is sent to the 
destination port indicating that the auxiliary buffer of the 
switch port is holding a frame of data for the destination 
port. This auxiliary I hi Efei II) is added to the camp list for the 
destination port. When the destination port becomes avail- 
able, a message is sent back on the protocol bus indicating 
that the destination port is now available and naming the 
backplane channel to use. A connection through the back- 
plane is then established to this channel by the auxiliary 
buffer connection circuitry and the destination port, and the 
data in the auxiliary buffer is transmitted. If the switch port 
has multiple auxiliary buffers, they each have their own IDs 
and, preferably, each has its own switching circuitry to make 
a connection to the backplane. 

[0285] In this second genus, each auxiliary buffer has 
circuitry coupled to the return path to recognize RRDYs 
transmitted back by llie destination node and to count then] 
(or store them) and to wait for a connection between the 
source port and the RRDY counting circuit if the connection 
is not continuous such as in some cases where multiple 
buffers are present in each switch port. These stored RRDYs 
(or self generated in the case of a count only) can be 
transmitted to the source node in the case of full duplex or 
mixed with frames from a third node in the case of a dual 
simplex connection and transmitted to the source node. Each 
source port also has shared circuitry for each FCAL net 
which recognizes incoming RRDYs from the source node 
and counts them or stores them. These source node generate 
RRDYs can be transmitted to the destination node in the 
case of full duplex or transmitted to a third node in the case 
of dual simplex. 

[0286] The operation of such a switch is now described 
with more specificity in connection with the species shown 
in FIG. 29. We first consider a full duplex transaction. In the 
species of FIG. 29, an OPN/RRDY detector and RRDY 
generator circuit 450 detects any incoming OPN or RRDY 
primitives coming in from the source node 452 on the local 
FCAL net 454. The destination address of the OPN is 
latched and sent to the lookup table circuitry represented by- 
block 456 via line. The lookup table looks up the ID of the 
port connected to the destination node and determines its 
status. Suppose a first OPN with a destination address for 
node 451 is received from source node 452 and the status of 
destination node 451 and its switch port 453 is available. In 
this case, protocol bus interface circuitry in block 456 sends 
a connection request via protocol bus 458 to protocol bus 
interface circuitry in block 457 of switch port 453 requesting 
a connection. This results in a connect response message 
naming the backplane channel to use. The loop port state 
machines in blocks 456 and 457 then send commands via 
buses 466 and 467, respectively, to their respective port 
multiplexers 460 and 459 to establish connections between 
"straight through" data paths 462 and 464 to the designated 
backplane channel in backplane 465. The LPSM in block 
456 also controls switches 468 and 470 to make connections 



to wires 462 and 464, and the LPSM in block 457 control 
switches 469 and 471 to make connections to "straight 
through lines 473 and 475. Destination node responds with 
an RRDY and that gets passed to source node 452 through 
the connection just described and the transaction proceeds 
normally until completed and the backplane channel is 
relinquished. 

[0287] Now suppose switch port 453 was busy. In this 
scenario, the lookup process using the destination address in 
the OPN determines that an immediate connection is not 
possible. In this case, the LPSM in block 456 controls switch 
470 to make an outbound connection to buffer lAvia wire 
472 and controls switch 468 to make an inbound connection 
via wire 474. The LPSM then commands switch 476 to open 
long enough for an RRDY to be sent to source node 452 and 
commands RRDY generator circuit 450 to generate an 
RRDY on line 478 and send it to source node 452. The 
RRDY causes source node 452 to output a frame of data, 
litis frame passes through line 480, SLRDLS 4S2, switch 
470 and line 472 into buffer 1A and is stored there. The 
circuit 450 then generates a CLS and sends it to source node 
452. Then switch 476 is closed. LPSM in block 456 then 
sends a message on protocol bus 458 to the protocol bus 
interface circuitry and LPSM in block 457 that it has a frame 
of data waiting for destination node 451. This message gives 
the ID for the buffer 1A and causes that ID to be put on a 
camp list for destination node 451. When destination node 
451 becomes available. I PSM in block 457 sends a message 
back to LPSM in block 456 saying "send data in buffer 1A 
on backplane channel X". The LPSM in block 456 then 
controls port multiplexer 460 to establish a connection 
between wires 484 and 486 to the designated backplane 
channel. LPSM in block 458 controls switchs 469 and 471 
to establish connections to wires 473 and 475 and controls 
port multiplexer 459 to connect wires 473 and 475 to the 
designated backplane channel. The LPSM in block 456 then 
causes a switch 490 to close and causes Buffer lAto output 
its frame of data onto the backplane channel where it gets 
transmitted to the destination node 451 via straight through 
wires 473 and 475. 

[0288] In some embodiments, the circuit 450 will not send 
a CLS to the source node 452 after it sends a frame of data 
into the buffer 1A. In these embodiments, the connections 
will be maintained so that if there is more than one frame, 
it can be sent as soon as the destination node becomes free 
by a straight through connection. In these embodiments, the 
LPSM in block 456 also causes switch 492 to close for a 
return path and causes switch 468 to make a connection to 
return path wire 474 so any RRDYs output by the destina- 
tion node are transmitted to the source node 452 once the 
destination node becomes available. The LPSM also then 
causes switch 470 to make a connection between outbound 
path 480 from source node 452 and "straight through" 
outbound wire 464 so subsequent frames can be sent straight 
through. The transaction then completes as a straight 
through transaction. Buffers in the switch ports such as 
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buffers 1A and IB may be big enough to hold more than one 
frame in some species to avoid having to establish a separate 
tenancy for each frame. 

[0289] Since the preferred method in the buffered switch 
is to close the source node after it outputs one frame into the 
buffer, it is then free to generate new OPNs to other 
destination nodes. Those OPNs can cause either straight 
through or buffered connections to their destinations 
depending upon the status of the destination port. The 
LPSMs can cooperate after the table lookup using the new 
OPN destination address to control the switches 468 and 470 
and their counterparts in the destination port to establish a 
straight through connection to the new destination via 
another backplane channel. In the meantime, the buffer 1A 
and its associated switches and the I.PSM arc cooperating to 
act as an independent switch port such that when the 
destination node for the data in the buffer becomes available 
and a connect response message is received, it can indepen- 
dently send its data to the destination node the different 
backplane channel assigned in the connect request message. 
This increases throughput since I he same switch port may be 
simultaneously be sending data to two or more different 
destinations. Buffered FCAL switches such as that shown in 
FIG. 29 have the additional advantage in that it prevents 
source blocking. The source may download one or more 
frames into the buffer for a destination node and then move 
on to its next transaction thereby reducing or eliminating 
head end blocking. 

[0290] Dual simplex is also possible to increase through- 
put further by using circuit 450 to count RRDYs emitted by 
the source node and using LPSM in block 456 to award 
those RRDYs to a third node. This way, the RRDYs will 
cause the third node to send data inbound to the source node 
via a separate backchannel connection with LPSM in block 
456 controlling switch 468 to establish the inbound path to 
source node 452 via the backplane channel assigned by the 
third node and straight through wire 462. Outbound data 
from the source node to a destination node can be sent by 
straight through wire 464 or through one of the buffers. 
RRDYs emitted by the destination node are received by the 
destination port and sent via the protocol bus to the LPSM 
of the source port or a message is sent each time an RRDY 
is received from the destination node by the destination port 
informing the source port of this fact. The source port LPSM 
then controls circuit 450 to generate an equivalent number of 
RRDYs and mix them in with the data frames from the third 
node on the inbound path 492 to the source node 452 to keep 
the source node outputting data frames destined for the 
destination node. 

[0291] The RRDY capture circuits are used in species 
where RRDYs are emitted by the destination node, but the 
switches 468 and 470 are in states such that the RRDYs 



cannot be immediately be sent to the destination node such 
as where the source port is generating multiple OPNs to 
different destinations and tilling up all its buffers one by one. 
In these embodiments, the nodes will have to be non 
standard in that they will have to OPN a destination, 
download one or more frames into a buffer, receive a CLS 
from circuit 450, OPN a new destination; download another 
one or more frames into another buffer, receive another CLS 
from circuit 450 and continue tins process until all butlers 
have been used. The LPSM will commutate the switches to 
make successive connections to llie buffers and straight 
through connections as needed and keep cycling through 
these connections. The RRDY capture circuits will count the 
number or RRDYs received or emitted by the destination 
nodes, and when the switches 468 and 470 and 490 and 492 
are again in position for communication with the destination 
node, the source node w ill open itself spontaneously lor that 
destination, receive any stored RRDYs from that destination 
and send an appropriate number of frames to that destination 
either by a straight through connection or a buffered con- 

[0292] Fairness is implemented in the species within the 
second genus in the same way as in the species of the first 
genus. A fairness token is circulated, and when any switch 
port has the token, it assumes the highest priority. The 
fairness token can be circulated amond the switch ports on 
a separate fairness token bus (not shown in FIG. 29) or via 
the protocol bus which is the embodiment symbolized by 
FIG. 29. 

[0293] Although not shown for simplicity in FIG. 29, each 
switch port also includes a local loop bypass data path to 
keep purely local transactions confined to the local FCAL 
net. Note also that although each FCAL net is FIG. 29 is 
shown as having only one node, multiple nodes on each 
FCAL net are also possible. Note also that although FIG. 29 
shows only one switch port per switch chip, multiple switch 
ports per switch chip are also possible similar to the structure 
shown in FIG. 7 but using the architecture of FIG. 29 for 
each switch port. 

[0294] Appendix B attached is the UUcncodcd Vcrilog 
description of the preferred embodiment of the entire switch 
chip integrated circuit. At the end of Appendix B is the C 
language source code for the UUencoding and decoding 
program to enable decoding of the Verilog and documenta- 
tion for using the UUencoding and decoding program. 

[0295] Although the invention has been described in terms 
of the preferred and alternative embodiments disclosed 
herein, those skilled in the art will appreciate numerous 
modifications that can be made. All such modifications and 
alternatives are intended to be included within the scope of 
the claims appended hereto. 
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APPENDIX B: UUENCODED VERILOG FOR ENTIRE SWITCH CHIP INTEGRATED 
CIRCUIT DESIGN 
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M7 W)E<2D-"B ' @(" ' @(" - @("" @(" ' @(" ' @=' AS;5]F(#T@8% 1 87TES3S4P.PT* 
M("-@("'@("'@("'@("!E; , -E('lX<VU?9B-](&!46%]#04T[#0H@('-@("-@ 
M(" , @("!E;F0-"B-@("'@("-@("!@5%A?5T%)5S)04TYS.B-@("'@("-@("-@ 

30 Mr'@("--"B , @(" , @( ,, '@("'@(&)E9VEN#0H@(''-@(" @("-@(''-@(&EF('AD 
M96Y Y8G-I#0H@(" ' @("' @(" ' @(" 1 @(" ' <§=■ AS;5]F(#T@8% 1 87TE$3$4P.PT* 
M("'@(" , @("'@("'@("!E; , -E(&EF("AB<%]A8VLI#0H@("-@("-@("-@("-@ 
M("-@=AS;5]F(#T@8%187U=!25130U)"1#L-"B'@("'@(" , @("-@("'@96QS 
M90T*(" , @('"@(" , @("-@("'@( , 1X<VU?9B'](&!46%]704E40E!33DO[#OH@ 

35 M("'@("-@("'@("!E;F0-"B-@("'@("'@("!@5%A?5T%)5%-#4D)$.B-@("'@ 

Mr@r@r@r- i, B'@r@r^ 

M(&EF("AB<%]P8F%C:RD-"B@("-@("-@("'@( , "@("!T>'-M7V8@/2!@5%A? 
M5T%)5%)34#L-"B-@(" , @("-@("-@("-@96QS92!I9B-H9&5N>6)P*0T*(""@ 



US 2003/0108061 Al 



31 



Jun. 12, 2003 



PATENT 



M("-@("-@("-@C''@('lX<VU?9B-](&!46%])l$Q%,#L-"B-@("-@("@("'@ 
M(" , @96QS90T*(" - @(" , @( , "@('"@(" - @( , lX<VU?9B , ](&!46%]704E44T-2 
M0D0[#0H@('''@("'@('''@("!E;FO-"B'@(" , @(" , @(' , !@5%A?5T%)5%)34#H@ 
M("-@("-@("-@('"@C"@(-T*r@(-@("'@(-@8F5G:6X-"B-@("'@("'@ 
5 M(" , @(" - @:68@*&=R;G0@)B!R97%R;70I#0H@( l, -@(" , @("'@(-@("'@='AS 
M;5]F(#T@8%187U=!251#3TY..PT*("-@C-@C"@r@("!E; , -E(&EF("AG 
M<FYT("8@?G)E<7)M="D-"B ' @(" ' @(- @("'@("" @(" !T>'-M7V8@/2!@5%A? 
M0T3.3D5#5#L-"B , @("-@("-@('"@( , "@96QS92!I9B'H9&5N>2D-"B'@C"@ 
M("-@("-@("-@(''!T>'-M7V8@/2!@5%A?241,t3-[#0H@("-@(-@("-@("'@ 
1 0 M(&5L<V4-"B , @(" , @("-@("'@("'@("!T>'-M7V8@/2!@5%A?5T%)5%)34#L- 
M"B'@( ,, -@(''-@("'@(&5N9'T*("'@( ,,, @( , "@(&!46%]704E40T].3CH@("'@ 
M("-@('"@(-@(-@#0H@C-@(»'@C-@(''!B96=I;@T*(-@("-@(-@(»'@ 
M("!I9B'H=&-H=FQD("8@?GlX:61L*0T*("-@("'@('-@(" , @(" , @('lX<VU? 
M9B'](&!46%]#3TY.14-4.PT*("-@(-@(-@('-@("!E; , -E#0H@(-@(" , @ 

1 5 M(" , @("-@("-@= , AS;5]F(#T@8%187U=!251#3TY..PT*("'@( , -@("'@("-@ 

M96YD#0H@X' ,- @(" , @( M '@8%187T-/3DY%OUOZ(' ,, @( ,|, @( l '-@('' , @( ,,, @(" , @ 
M#0H@(" , @('' , @("'@("!B96=I;B , -"B , @X'' , @('''@(" , @('''@:68@* 
M("8@<FUT8VQS("8@?G)E<7)M="D-"B , @("'@(" , @("'@("-@("!T> , -M7V8@ 
M/2!@5%A?24U3T#0H@r@("WW'@(&5L<V4^ 

2 0 M<FUT8 VQSf 8@<F5Q<FUT*0T*("' @C" @C" @C" @C" @C 1 X< VU?9B - ](& !4 

M6%]#2SM)l$P[#0II@("-@(" , @("-@("'@(&5L<V4@:68@*&QP8VQS*0T*(" , @ 
M(' ,, @(' r @( lr @( l "@( , lX<VU?9B'](&!46%]#3%-)3D<[#0H@("'@('"@("'@ 
M( ,,, @(&5L<V4@:68@*')M=&-L<RD- ,, B - @("@( ,, '@("'@("-@("!T>'-M7V8@ 
M/2!@5%A?0TQ3140f#0II ' n 5 @( ^(&5L * h 'B (a>("'(£}('''@(''"@ 

2 5 M(" , @(''!T>'-M7V8@/2!@.5%A?0T].3D5#5#L-"B"@("'@(" - @( ,,, @(&5N9"T* 

M(" , @(" , @("'@(&!46%]#3%-)3D<Z("-@("-@("-@("-@(" , @(»'-"B-@(' ,, @ 
M(" , @(" , @(&)E9VEN#0HOX"'@(" , @(" , @("'@(&EFrAR;71C; , ,@)B! A <F5Q 
M<FUT*0T*("@("-@("@("-@("@('lX<VU?9B-](&!46%])l$Q%,#L-"B-@ 
M("' @('"@C" @("' @96QS92!I9B-H<FUT8VQS("8@(')E<7)M="D-"B' @("' @ 

3 0 M("-@(""@(""@( ,, !T>'-M7V8@/2!@5%A?0TA+241,.PT*(" , @(" , @("'@(-@ 

M('ME;'-E#0H@("'@("-@(''-@("-@("-@= , AS;5]F(#T@8%187T-,4TE.lSL- 
M"B'@("-@("-@("-@(&5N9T*("'@("'@("'@(&!46%]#3%-%l#H@(" , @("-@ 
Mr'@("'@r@('-@#0H@("-@("'@("'@( ,, !B96=I;@T*("-@( , "@("'@("'@ 
M("!19B"H; , !C;',@)B! A <F5Q<FUT*0T*("'@('"@(" , @( , "@("-@( , 1X<VU? 
3 5 M9B-](&!46%])1$Q%,#L-"B @('"@("'@(" , @("'@96QS92!I9B'H;'!C;',@ 

M)B-@<F5Q<FUT*0T*('"@("'@("-@C"@("'@C1X<VU?9B-](&!46%]#2$M) 

M1$P[#0H@( ,,, @( , "@(" , @(" , @(&5L<V4-"B , @(" , @("'@(" - @C"@("!T>'-M 

M7V8@/2!@5%A?0TQ3140[#0H@("-@("-@( , -@("!E;F0-"B'@("'@("'@("!@ 
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M5%A?0TA+241,.B-@(" > @( , "@("-@C"@("--"B-@(-@(-@("-@(&)E9VEN 
M#0H@( M '@("'@( l ' - @('''@(&EF("AB<%]I9&QA8VLI#0H@( ,n @(" , @(" , @("'@ 
M("-@='AS;5]F(#T@8%187TES3$4P.PT*('-@("-@("-@(-@("!E;'-E#0H@ 
M(" , @( l "@("'@(" , @( , "@=AS;5]F(#T@8%187T-(2TE$3#L-"B , @("-@("'@ 
5 M("-@(&5N9-T*( , ''@( ,, -@( , ''@(&lE9F%U; , 0Z("-@(' , -@("-@("'@("-@(" @ 
M#0H@(" , @('''@( M '@( ,, !T>'-M7V8@/2 , T)V)X.PT*(" , @(" , @("!E;F1C87-E 
M#OH@('''@("!E;FO-"B-@("!E;FO-"@T*( ,, !E;F1F=6YC=&EO;@T*#OIE;F1M 
M;V1U;&4-"@T*#OHO+RHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BH.T*BH.T*BHJ*BHJ*BHJ*BH-"BHJ*BHJ 
1 0 M#0HO+R'@3F%M93H@("'@(" , @("'@<GAP;W)T<VTN=@T*+R\@($-O;7!A;GDZ 
M("'@("-@(S=!1%I/3U@@3D545T]22U ) @24Y#+@T*+R\@($1E<V-R:7!T:6]N 
M.@T*+R\@(%-T871E(&UA8VAI;F4@9F]R(%)8('-I9&4@;V8@82!S=VET8V@@ 
M<&]R="X-"B\O("!R979KVEO;B!B+"!R."XQ#0HO+RHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 

1 5 M*BHJ*BHJ*BHJ*BH-"BHJ*BHJ#0H-"F!T:6UE<V-A;&4@,6YS("\@,3 !P<PT* 

M#0I@:6YC;'5D92'B8V]M;6]N+G8B#0H-"FUO9'5L92!R>'!O<GlS;2 , H#0H@ 
M(&QC;&LL#0H@(')S-"P-"B , @;F5X=%]R97$L#0H@(&QP7W)X9VYT7V5V+-T* 
M("!B<%]R>'-C<F)D+'T*("!B<%]R8VAV;&0L#0H@(&)P7W)C:&ED;"P-"B , @ 
M<F5Q<FUT+T*("!B<%]R>&%C:RP-"B'@8G!?<GAI9&QA8VLL#0H@(&QP7W)X 

2 0 M8 V]N=F-L<RP-"B ' @<GAC:&YL8 VQS+T*("!B<%]R>&YE>' 1 A8VLL#0H-"B 1 @ 

M<GAS;5]I9&QE+ , T*("!R>'-M7W=A:71R<WX#0H@(')X<VU?<VYD8G!R<W , L 
M#0H@( , )X<VU?=V%I='-C<F)D+T*("!R>'-M7W=A:71C;VYN+'T 1, '("!R>'-M 
M7V-O;FYE8W0L#0H@(')X<VU?8VAK9FEF;RP- , 'B , @<GAS;5]C:&MI9&PL#0H@ 
M(')X<VU?8VQS:6YG+T*("!R>'-M7V-L<V5D+'T*("!R>'-M7VYX=%]C;VYN 

2 5 M96-T+'T*("!R>'-M7VYX=%)C:&MI9&P-"BD[#0H-"B > @<&%R86UE=&5R(&]U 

M=&lL>2-](#-N,3T.PT*#0H@(&EN<'5T("-@("-@("-@("!L8VQK.R-@("-@ 
M('''@(''-@#OFI@(&EN<'5T("-@("'@("-@('MR<WO[("-@("-@("-@("-@#0H@ 
M(&EN<'5T("- @(" ' @(" ' @(" !N97AT7W)E<3L-"B' @:6YP=70@(" - @("' @('" @ 
M(&QP7W)X9VYT7V5V.PT*("!I;G!U="'@(" , @( , "@("'@8G!?<GAS8W)B9#L- 

3 0 M"B-@:6YP=70@("'@(""@("'@(&)P7W)C: , 9L9#L-"B-@:6YP=70@("-@("-@ 

M( ,,, @(&)P7W)C:&ED;#L-"B - @:6YP=70@.(" , @("-@("'@(')E<7)M=#L-"B-@ 
M:6YP=70@(""@("'@(""@(&)P7W)X86-K.PT*("!I;G!U= , "@(" , @C"@(" , @ 
M8G!?<GAI9&QA8VL[#0H@(&EN<'5T("-@C"@("'@("!L<%]R>&-O;G9C;',[ 
M#0H@(&EN<'5T( , -@( , -@( , "@("!R>&-H;FQC;',[#0H@(&EN< , 5T("-@('-@ 
3 5 M("'@("!B<%]R>&YE>'1A8VL[#0H-"B , @;W5T<'5T("'@(" , @(" , @(')X<VU? 
M:61L93L-"B-@;W5T<'5T("-@C"@("-@(')X<VU?=V%I=')S<#L-"B-@;W5T 
M< , 5T( , '-@("'@("-@(')X<VU?<VYD8G!R<W[#0H@(&]U= , !U= , "@(" , @("'@ 
M("!R>'-M7W=A:71S8W)B9#L-"B-@;W5T<'5T("'@("'@("'@(')X<VU?=V%I 
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M=&-O;FX[#0H@(&]U='!U="~@("@("-@("!R>'-M7V-O;FYE8W0[#0H@(&]U 
M= , !U=" , @(" , @(" , @("!R>'-M7V-H:V9I9F\[#0H@(&]U='!U="-@(-@("'@ 
M("!R> , -M7V-H:VED;#L-"B , @;W5T< , 5T( , "@(" - @( , "@(')X<VU?8VQS:6YG 
M.PT*("!O=71P=70@("-@("'@("'@<GAS;5]C; , -E9#L-"B-@;W5T<'5T("'@ 
5 M("-@(" , @OX<VU?;GAT7V-O;FYE8W0[#0H@(&]U= , !U="-@( , "@("'@("!R 

M>'-M7VYX=%]C:&MI9&P[#0H-"@T*("!R96<@('"@6S,Z ; %T@("-@<GAS=&%T 
M95]Q.PT*#0H@('=KF4@("!;,SHP72-@("!R> I -T871E7V0[#0H-"B-@87-S 
M:6=N(')X<W1A=&5?9" , ]0X<VU?9BAR>'-T871E7W$L(')S="P-"B , @( , "@ 
Mr'@C"@C"@("'@C"@("-@("'@("!N97AT7W)E<2P@;'!?<GAG;Gl?978L 
10 M(&)P7W)X<V-R8F0L#0H@(" , @(" , @("-@("'@("-@("-@('-@("-@("-@8G!? 
M<F-H=FQD+ , MB<%]R8VAI9&PL(')E<7)M="P@#0H@("'@(" , @( , ' , @("'@( ,, '@ 
M('"@('"@('"@C"@8G!?<GAA8VLL(&)P7W)X:61L86-K+"!L<%]R>&-0;G9C 
M;',L('T*<GAC:&YL8VQS+T*(" , @(" , @(" , @("-@X , "@( ,,- @(" , @(" , @("'@ 
M(&)P7W)X;F5X=&%C:RD[#0H-"B-@86OW87ES($'H<&]S961G92!L8VQK*0T* 

1 5 M("'@(')X<W1A=&5?<2 - V2!R> , -T871E7V0[#0H-"@T*("!A<W-I9VX@(V]U 

M=&1L>2!R>'-M7VED;&4@/2!R>'-T871E7WS@/3T@8%)87TE$3$4P.PT*("!A 
M<W-I9VX@(V]U=&1L>2!R>'-M7W=A:71R<W , @./2!R>'-T871E7W$@/3T@8%)8 
M7U=!25124U[#0H@(&%S<VEG;B'C;W5T9&QYC)X<VU?<VYD8G!R<W@/2!R 
M>'-T871E7W$@/3T@8%)87U-.1$)04E-0.PT*("!A<W-I9VX@(V]U=&1L>2!R 

2 0 M>'-M7W=A:71S8W)B9"'](')X<WIA=&5?<2 , ]/2!@4EA?5T%)5%-#4D)$.PT* 

M("!A<W-I9VX@(V]U=«&1L>2!R>'-M7W=A:71C;VYN(#T@<GAS=&%T95]Q(#T] 
M(&!26%]704E40T].3CL-"B'@87-S:6=N("-O=71D;'D@<GAS;5]C;VYN96-T 
M(#T@<GAS=&%T95]Q(#T](&!26%]#3TY.14-4.PT*("!A<W-I9VX@(V]U=&1L 
M>2 !R>'-M7V-H: V9I9F\@/2 ! R>'-T87 1 E7W$@/3T@8%)87T-(2T9) 1D\[#0H@ 

2 5 M(&%S<VEG;B , C;W5T9&QY(')X<VU?8VAK:61L(#T@<GAS=&%T95]Q(#T](&!2 

M6%]#2$M) 1 SP[#0H@(&%S<VEG;B , C;W5T9&QY(')X<VU?8VQS :6YG(#T@<GAS 
M=&%T95]Q(#T](&!26%]#3%-)3D<[#0H@(&%S<VEG;B - C;W5T9&QY(')X<VU? 
M8VQS960@/2!R>'-T871E7W$@/3T@8%)87T-,4T5$.PT*("!A<W-I9VX@(V]U 
M=&1L>2!R>'-M7VYX=%]C;VYN96-T(#T@<GAS=&%T95]D(#T](&!26%]#3TY. 
30 M14-4.PT*("!A<W-I9VX@(V]U=&1L>2!R>'-M7VYX=%]C:&MI9&P@/2!R>'-T 
M871E7V0@/3T@8%)87T-(2TE$3#L-"@T*#0H@(&9U;F-T:6]N(%LS.C!=(')X 
M<VU?9CL-"B-@("!I;G!U="-@6S,Z,%T@( , MR>'-T871E.R-@("-@("--"B-@ 
M("!I;G!U="'@('''@("-@("!R<W0t("-@("@("-@("--"B-@("!I;G!U='-@ 
M( , "@('"@("!N97AT7W)E<3L@("'@("--"B , @("!I;G!U=" , @("-@C"@("!G 

3 5 M<F%N=#L@("'@(-@("--"B-@("!I;G!U=" - @('-@("-@("!B<%]S8W)B9#L@ 

M('"@('"-"B'@("!I;G!U="'@(" , @("'@("!C:'9L9#L@("'@("'@C"-"B'@ 
M("!I;G!U= I "@("'@C"@("!I9&P[("'@(" , @("'@("--"B-@("!I;G!U=" , @ 
M("-@("-@("!R97%R;70[("-@("-@('--"B-@("!I;G!U="-@("-@("-@("!B 
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M<%]A8VL[("'@("-@("-"B@("!I;G!U="-@("-@('"@("!B<&ED;%]A8VL[ 
M('''@r-''B , @HI;G!U="-@r^ 

M( , MI;G!U="'@( ,, '@( ,, '@("!R;71C; , ,[( ,, '@("'@( ,, -- ,, B'@("!i;G!U=''Y«J 
M("'@( , *'@("!P;W)T7V-A;7!?<F5?86-K.R'- ,, B'-"B'@("!B96=I;@T*("-@ 



5 M("-@:68@*')S="D-"B , @(" , @(" , @<GAS;5]F(#T@8%)87TE$3$4P.PT*("'@ 
M("'@96QS92!B96=I;@T*( , "@( , "@("!C87-E("AR>'-T871E*2 , @("'@("'@ 
M#0H@('"@(" , @(" , @8%)87TE$3$4P.B'@("'@C-@("--"B'@('"@("-@(" , @ 
M(&)E9VEN#0H@('-@("-@("'@("-@(&EF("AN97AT7W)E<2D-"B'@("'@("'@ 
M(" , @(" , @("!R> , -M7V8@/2!@4EA?5T%)5%)34#L-"B , @("'@(" , @("'@( ,,, @ 

1 0 M96QS90T*(" ' @("' @f @(" ' @(" ' @(')X< VU79B" ](& !26%]) 1 $Q%,#L-"B" @ 

M( , -@("'@("'@(&5N9'T*(" - @(""@(" - @(&!26%]704E44E-0.B > @(" , @( , "@ 
M#0H@C"@("'@("'@("!B96=I;@T*("-@("'@("-@("'@("!I9B'H9W)A;G0I 
M#0H@("'@("-@("'@("-@("-@<GAS;5]F(#T@8%)87U-.lS)04E-0.PT*("'@ 
M( M '@(' | -@("-@( , ME;'-E#0II@(" , @("-@(" 1 @("-@(" , @<GAS;5]F(#T@8%)8 
15 M7U=!25124U , [#0H@('-@('-@("'@("!E;FO-"B-@(" , @("-@("!@4EA?4TY$ 
M0E!24U'Z("-@(" , @('T*(-@r , @('-@("'@8F5G:6X-"B , @(" , @(" , @("-@ 
M(" , @:68@*&)P7V%C:R-F(')E<7)M="D-"B-@(' , -@("-@("'@(" , @("!R> , -M 
M7V8@/2!@4EA?5T%)5S-/3DX[#0H@("'@("-@("-@("-@(&5L<V4@:68@*&)P 
M7V%C:R , F('YR97%R;70I#0II@(" - @(" - @(" , @(" , @(" - @<GAS;5]F(#T@8%)8 

2 0 M7U=!25130U)"l#L-"B-@("-@('"@C"@("'@96QS90T*("-@C"@("'@("'@ 

M(" , @(')X<VU?9B - ](&!26%]33D1"4%)34#L-"B-@(" , @('"@( I "@(&5N9'T* 
M(" , @('"@(" - @(&!26%]704E44T-20D0Z( ,,- @("'@#0H@( , "@( , "@(" , @("!B 
M96=I;@T*(" , @("'@(' ,, @(" , @("!I9B'H8G!?<V-R8F0I#0H@(" > @("'@(" , @ 
M("'@(" v @<GAS;5]F(#T@8%)87T-/3DY%OUO[#OH@( ,,, @("'@('"@(" , @(&5L 

2 5 M<V4-"B'@("-@("-@(" , @(" , @("!R>'-M7V8@/2!@4HA75T%)5%-#4D)$.PT* 

M("'@("X^ ,,- @( ,,, @96YD#0II@( ,,, @( M '@( , ' , @8%)87U=!251#3TY..B-@("-@ 
M( , ^"B'@( , ''@( , ''@("'@(&)FmN#0H@(''-@("Y^("'@( l ''@(&HF("AC:'9L 
M9"-F(YI9&PI#0H@( , -@("'@(" , @( ,n @(" , @<GAS;5]F(#T@8%)87T-/3DY% 
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M=%]D.PT*#0H@(&%S<VEG;B'C;W5T9&QY(&QP<W1A=&4@("'@(#T@;'!S=&%T 
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M<3L@(" , @(" < @("-@#0H@(" - @:6YP=70@("'@( , "@(" , @("'@='AC;VYI9&Pt 
M("-@( , ''@("--"B-@('MJ;G!U="-@(-@("'@("'@("!L<'=A:70[( ,1> @("-@ 
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35 M35]/4$X[#0H@("'@(" , @('"@("!E;F0-"B - @(" , @("'@("!@3%!335]214Q/ 
M4$XZ("'@("@("'@("-@("@CT*r@C"@('-@("@8F5G:6X-"B-@("-@ 
M("'@("'@( I "@;'!S-&%T95]F(#T@8SQ04TU?0T]..PT*( , "@( , "@("'@( , "@ 
M96YD#OH@("'@("-@('"@8$Q04TU?OE-93U!..B-@C-@("-@("-@("-@CT* 



US 2003/0108061 Al 



51 
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PATENT 

M(""@(" , @(""@(" , @8F5G:6X- ,, B-@( , -@( , "@("'@("'@; , !S=&%T95]F(#T@ 
M8SQ04TU?0E-9.PT*(" ' @(" - @("' @(" - @96YD#0H@("' @("' @("'@8$Q04TU? 
M0T]..B-@('''@("'@("-@("'@("-@("'-"B-@(-@("'@('-@(&)E9VEN#0H@ 
M(" " @r @C" @(" ' @(&EF("@H<GAC;*-?<2 !\('-N=&-L<RD@)B!R>& 1 C;',I 
5 M#0H@(" - @(" ' @("' @(" ' @(" " @;' ! S=&%T95]F(#T@8$Q04TU?5T%)5#L-"B' @ 
M("'@(" , @X"'@("'@96QS92!I9B'H<GAC;'-?<2!\('-N=&-L<RD-"B-@(" , @ 
M("@("@('-@("!L< , -T871E7V8@/2!@3%!335]#3%-)3D<[#0H@("-@( , -@ 
M(" ' @("' @(&5L< V4@:68@*')X9&-L<R!\(&=C;'-E9"D- ,, B' @(" 1 @("' @(" ' @ 
M("-@("!L<'-T871E7V8@/2!@3%!335]#3%-%l#L-"B'@("-@("-@( , -@("'@ 

1 0 M96QS90T*(" , @( ,r @('"@(" - @("'@(&QP<WlA=&5?9B-](&!,4%-7T-/3CL- 
M"B"@(" , @("'@(" , @(&5N9 , T*('"@("'@("'@(&!,4%--7T- > 4TE.1SH@( ,, '@ 
M("-@(' , -@("'@( , '-@#0H@("'@(" , @(' , -@('MB96=I;@T*(" , @r@("'@C' , @ 
M("!I9B'H<GAD8V0S('P@9V-L<V5D('P@9V-L<VEN9R!\('1X9&1N92D@8F5G 
M:6X-"B'@("'@('' , @(' ,, @('''@(''!I9B - H?G1X8V]N:61L( , P@; , !W86ET*0T* 

1 5 M(" - @( , "@("'@('"@("'@(" - @; , !S=&%T95]F(#T@8$Q04TU?5T%)5#L-"B , @ 
M(" ' @(" ' @(" ' @(" '©("I E;'-E(&EF("A A <W=I=&-H7W)E<2!\(&Q08VM?<F5Q 
M*0T*( , "@("'@( , "@( , "@(" , @("'@;'!S=&%T95]F(#T@8$Q04TU?05)".PT* 
M("'@("'@(" - @("'@("-@(&5L<V4@:68@*'m71R97$I#0H@(" , @(" , @( ,, -@ 
M("'@(" - @("!L<'-T871E7V8@/2!@3%!335]-3TX[#0H@(" - @("'@(" - @(" , @ 

20 M("'@96QS90T*(' n @(" , @( , "@(" @(" , @(" - @;'!S=&%T95]F(#T@8$Q04TU? 
M05)".PT*("-@("-@(''-@("-@("!E;F0-"B , @r@(" , @("-@("-@96QS90T* 
M("'@( ,, '@("-@("-@("-@X"'@;'!S=&%T95]F(#T@8$Q04TO?0TQ324Y\PT* 
M(" ' @(" ' @("' @(" - @96 YD#0H@(" " @C @C"@8$Q04TU?0TQ3 1 40Z0" @ 
M("-@("-@("-@("'-"B-@("-@("@(" , @(&)E9VEN#0H@("-@( l ' , @( , '-@("-^ 

25 M(&EF("AR>&-L<U]Q('P@<VYT8VQS*2!B96=I;@T*(" , @( , "@("'@("'@(" , @ 
M(&EF("A A =AC;VYI9&P@?"!L<'=A:70T#0H@("-@('"@("-@( , "@( , "@("!L 
M<'-T871E7V8@/2!@3%!335]704E4.PT*(" , @('"@("-@( , "@(" , @(&5L<V4@ 
M:68@*&Q08VM?<F5Q*2'-"B'@('"@("'@(" , @.(" - @('"@(&QP<W1A=&5?9B-] 
M(&!,4%--7T%20CL- , 'B'@("-@( I ''@(' , "@( ,, '@(' , !E;'-E(&EF("A A <FUT<F5Q 

30 M*0T*( , "@("'@("'@(" , @(" , @(" , @; , !S=&%T95]F(#T@8$Q04TU?34]..PT* 
M("-@("'@("-@("-@("-@(&5L<V4@#0H@("-@("-@('-@("-@('-@("!L<'-T 
M871E7V8@/2!@3%!335]!4D([#0H@(" , @(" , @( , "@("'@(&5N9" , -"B-@("-@ 
M( ,, -@("-@("-@96QS90T*("-@C , '@("'@("'@C"@(&QP<W1A=&5?9B-](&!, 
M4%-7T-,4T5S.PT*(" , @("'@(" , @( , "@96YD#OH@("'@(" , @("'@8$Q04TU? 

3 5 MlT5.0TQ3.B'@(" , @(" , @("'@(" - @("'-"B , @(" , @( , "@(" , @(&)E9VEN#0H@ 
M("'@(" , @(" - @("-@(&EF("AR>&-L<U]Q('P@:&]L9&-L<RD@8F5G:6X-"B'@ 
M( ,, '@("'@("-@r'@( , '!I9B-H?GlX8V]N:61L*0T*("-@X" , @( M '(Si"'@X''"@ 
M("-@;'!S=&%T95]F(#T@8$Q04TU?5T%)5#L-"B-@('-@("-@("-@("-@("!E 
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PATENT 

M;'-F.(&EF("AL;V-K7W)E<2D@#OH@(""@(" , @(""@("'@("'@("!L<'-T871E 
M7V8@/2!@3%!335]!4D([#0H@("-@("'@("'@("'@("-@96QS92!I9B'H?G)M 
M= , )E<2D-"B , @("'@(" , @(" , @('°@( , -@(&QP<W1A=&5?9B , ](&!,4%-7TU/ 
M3CL-"B-@(" , @(" , @( lr @(" , @("!E;'-E#0H@('"@(" , @(" , @("'@("-@("!L 
5 M<'-T871E7V8@/2!@3%!335]!4D([#0H@( , -@("'@('"@(" , @(&5N9'T*('"@ 
M("'@('''@("'@( l ME;'-E#0H@("-@("-@("'@(^@("-@; , !S=&%T95]F(#T@ 
M8$Q04TU?4D-60TQ3 .PT*(" * @C @(" ' @96 YD#0H@("" @(" ' @("' @8$Q0 
M4TU?4D-60TQ3.B-@("'@("'@("'@(" , @( , "-"B'@("'@("'@("-@(«&)E9VEN 
M#0H@(" , @(" , @(" , @("-@(&EF("AR>&-L<U]Q*2!B96=I;@T*(" , @('-@( , "@ 
1 0 M(" , @( , "@(&EF("A A ='AC;VYI9&PI#0H@{"-@(""@("-@("*@( ,,, @( ,, !L<'-T 
M871E7V8@/2!@3%!335]704E4.PT*(-@("'@(" - @('-@(" , @(&5L<V4@:68@ 
M*&QO8VM?<F5Q*0T*(" - @("'@(" , @( ,,, @( , "@(" , @;'!S=&%T95]F(#T@8$Q0 
M4TU?05) ,, .PT*("'@('"@(""@( ,, "@("'.@(&5L<V4@:68@* , YR;71R97$I#0H@ 
M(" , @("'@("'@( , "@( ,, @("!L< , -T871E7V8@/2!@3%!335]-3TX[#0H@("~@ 

1 5 M(" , @X" , @( ,,, @(' ,, @96QS90T*("'@(" , @(" , @(" , @( ,r @(" , @;VS=&%T95]^ 

M(#T@8$Q04TU?05)".PT*("-@("-@("@C-@("!E;F0-"B-@C"@("-@("-@ 
M("'@96QS90T*("-@( ,, '@("-@(" , @("'@(&QP<WlA=&5?9B , ](&!,4%--7U)# 
M5D-,4SL-"B-@("'@("-@(" , @(&5N9-T*(" , @(" , @('-@(&! > 4%-7U=!250Z 
M("-@("'@(' , -@( ,, -@("'@("--"B'@("'@("-@(-@(&)E9VEN#0H@(' , '@("-@ 

2 0 M(""@("'@(&EF("AT>&-0;FED;"D@8F5G:6X-"B , @(" , @(" , @("'@(" > @("!I 

M9B , H;'!W86ET*0T*(" - @(" , @(" , @(" , @(" , @(" , @; , !S=&%T95]F(#T@8SQ0 
M4TU?5T%)5#L-"B - @X"-@("'@(" - @("^@("!E;'-E(&EF("AL;V-K7W)E<2D- 
M''B'@(" , @(" > @(" , @( I,, @(" , @(&QP<W1A=&5?9B'](&!,4%-7T%20CL-"B , @ 
M(" ' @C @(" ■ @(" ' @(" !E; , -E(&EF("A A <FUT<F5Q*0T*("- @("- @('" @C" @ 

2 5 M("-@(' , '@; , !S-&%T95]F(//T@8$Q04TU?34]..PT*("'@("-@("-@("'@("-@ 

M(&5L<V4-"B , @("-@('"@("'@( , "@(" , @(&QP<WlA=&5?9B-](&!,4%--7T%2 
M0CL-"B'@( , ' , @("'@('''@( ,, '@96YD(&5L<V4-"B-@("-@("-@("-@(''-@("!L 
M<'-T87lE7V8@/2!@3%!335]704E4.PT*r - @(" , @(" - @( ,n @96YD#0H@(" - @ 
M("'@("'@8$Q04TU?4U-004Y)OSH@(&QP<WlA=&5?9B'](&!,4%-7U-74$%. 
30 M24,[#0H@("'@(" - @('"@8$Q04TU?2%5"4$%.24,Z("!L<'-T871E7V8@,/2!@ 
M3%!335](54)004Y)0SL-"B , @( , "@( , "@("!@3%!335](54),3T-+24Y'.@T* 
M( , "@("'@('-@("-@8F5G:6X-"B-@("'@("'@("-@("'@;'!S=&%T95]F(#T@ 
M;W!N(#\@8$Q04TU?2%5"3S]#2T]03B'Z(&!,4%-7TA50DQ/OTM)3D<[#OH@ 
M("'@("-@("-@("!E;F0-"B'@,("'@X" , @("!@3%!335](54),3T-+3U!..@T* 

3 5 M(" , @( , "@("'@('"@8F5G:6X-"B'@(" , @( n -@(" , @(""@;'!S=&%T95]F(#T@ 

M<GAC;',@/R!@3%!335](54),3T-+140@.B!@3%!335](54) > 3T-+3U!..PT* 

M("-@("-@("'@("@96YD#0H@("'@("'@("'@8SQ04TU?2%5"3$]#2TQ)4#H- 

M"B-@(' , '@("X^("'@(«&)E9VEN#0H@("-@( , '-@("'@(" , @(&QP<WlA=&5?9B'] 
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PATENT 

M(')X8VQS(#\@8$Q04TU?2%5"3$]#2T5$(#H@8$Q04TU?2%5"3$]#2TQ)4#L- 
M"B-@(''-@(''@( M -@(&5N9-T*("-@("'@("-@(&!,4%--7TA50DQ/OTM%l#H@ 
M("'@(' , -@("'@(' ,, @#0H@( ,,, @r'@("'@(' , !B96=I;@T*(^@(" , @('"@("'@ 
M("!I9B , H9&ES8V\@)B!L;V-K;6%S=&5R*0T*(" , @(" , @('"@('"@('"@(&QP 
5 M<W1A=&5?9B , ](&!,4%-7T1)4T-/.PT*(" > @("'@(" , @(' ,, @("!E;'-E(«&EF 

M( ,, AS=VET8VA?<F5Q*0T*("-@( , "@("-@("-@("'@(&QP<WlA=&5?9B , ](&!, 
M4%-7U-73S]#2T5S.PT*("'@( ,,, @("'@("'@("!E;'-E(&EF( , A A ;&]C:U]R 
M97$T#0H@(" , @(" , @(" , @(" , @(" , @;'!S=&%T95]F(#T@8$Q04TU?2%5"1DQ5 
M4T@[#0H@("'@( , '-@("'@("-@(&5L<V4-"B'@("-@("-@("-@("-@('ML<^ 
1 0 M871E7V8@/2!@3%!335](54),3T-+140[#0H@("'@(" , @( ,,, @("!E;F0-"B"@ 
M(" , @(" , @("!@3%!335](54)&3%532#H- ,, B-@("'@( ,, '@( , "@(&)E9VEN#0H@ 
M("'@(" , @(" , @(" , @ / (&QP<W1A=&5?9B , ](&9L=7-II9&]N92 , _(&!,4%-7TA5 
M0B , Z(&!,4%--7TA50D9,55-(.PT*(" , @(" , @( ,,, @(" , @96YD#0H@(" , @( , "@ 
M("'@8$Q04TU?4$Q)4U1%3CH-"B - @(" - @(" , @(" , @(&)E9VEN#0H@(" , @(" , @ 

1 5 M(""@(""@(&QP<W1A=&5?9B"]('!L:7-T96X@/R!@3%!335]03$E35$5.(#H@ 

M8$Q04TU?4U=3T-+140[#0H@( , "@(" , @(" , @("!E;F0-' , B , @(" , @(" , @("!@ 
M3%!335]$25-#3SH-"B , @(" , @(" > @(" , @(&)E9VEN#0H@(" , @(" > @(" , @("'@ 
M(&QP<W1A=&5?9B , ](&1KV-07V10;F4@/R!@3%!335](54),3T-+140@.B!@ 
M3%!335]$25-#3SL-"B-@("'@( , "@("-@(&5N9T*(" , @(" > @(" , @(&!,4%- 

2 0 M7U-73$]#2T5$.@T*(" - @( , "@( ,,- @( ,, "@8F5G:6X-"B'@( ,,- @( , -@(" , @("-@ 

M:68@*'!L:7-T96XI#0II@('°@(" , @(" , @(" , @( , ' > @;'!S=&%T95]F(#T@8$O0 
M4TU?4$Q)4U1%3CL-"B'@("-@(" , @(" , @("'@96QS92!I9B , H?G-W:71C:%]R 
M97$I#0H@( , -@(" , @( , "@( , "@("'@;'!S-&%T95]F(#T@8$Q04TU?2%5"3$1# 
M2T5$.PT*(" ' @(" ' @(" ' @(""@(" ! E;'-E(&EF("A A ;&]C:U]R97$I#0H@('" @ 

2 5 MC" @(" ' @(" ' @(" ' @;' ! S=&%T95]F(#T@8$Q04TU?4U=&3%532#L-"B ' @(" ' @ 

M("-@("'@(" , @96QS90T*('' , @("'@( M, @("'@("-@(&QP<W1A==&5?9B'](&!, 
M4%--7U-73$]#2T5S.PT*C"@(" , @(" , @(" , @96YD#0H@(":@(" , @(" , @8SQ0 
M4TU?4U=&3%532#H-"B - @(" - @( , "@(" , @(&)E9VEN#0H@( , "@("'@( ,,, @( , "@ 
M(&QP<WLA=&5?9B - ](&9L=7-H9&]N92'_(&!,4%-7TU/3B - Z(&!,4%-7U-7 

3 0 MlDQ54T@t#0II@( M, @(" , @(' r @("!E;FO-"B , @("'@(" , @("!D969A-6QT.B , @ 

M; , !S=&%T95]F(#T@-2-B>AX>#L-' , B-@('-@("-@("!@3%!335]35TQ/0TM) 
M3D<Z#0H@("'@('"@C"@("!B96=I;@T*("'@("'@("'@( , "@("!L< , -T871E 
M7V8@/2!C86UP96UP='D@/R!@3%!335]35TQ/0TM%l"-Z(&!,4%-7U-73$]# 
M2TE.lSL-"B , @(" , @(" , @("'@(&5N9"T*(" , @("'@("!E;FlC87-E#0H@( ,n @ 
3 5 M("!E;F0-"B'@("!E;F0-"B'@96YD9G5N8W11;VX-"B'@#0IE;F1M;V1U;&4- 

M"@T*#0HO+RHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BH-"BHJ*BHJ#0HO+R'@ 
M3F%M93H@('"@('"@('-@9'-C<F5D:71S;2YV#0HO+R - @0V]M<&%N>3H@("-@ 
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PATENT 



M("' @ 1 T%$6D]/6" ! . 1 5 1 73U)+4R!)3D,N#0HO+R'@ 1 &5S8 W)K' 1 1;VXZ("'@ 
M0W)E9&ET(&UA;F%G97(@9F]R($O04TT@=VAE;B!I;B!D=6%L+7-I;7!L97@@ 
M#0IO<&5R871I;VXN#0HO+R , @<F5V:7-I;VX@8BP@<C@N,0T*+RU*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
5 M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ#0HJ*BHJ*@T*#0I@=&EM97-C86QE(#%N<R~O 
M(#$P<',-"@T* 8& 1 E9FEN92 ! #4D 147TE$3$4@('"@(#(G8C - P#0I@9&5F:6YE 
M($-2 1 % 1 ?5T%)5 " ' @(" - @,B=B,#$-"F ! D969I;F4@0U)$5%])4U-5 1 2' @("'R 
M)V(Q,'T*8&lE9FEN92!#4D147U)%0TQ!24T@(#(G8C$Q#0H-"FUO9'5L92!D 
M<V-R961I='-M("@-"B-@;&-L.RP-"B-@<G-T+-T*("!N=W)D8VQK+-T*("!B 
1 0 M:V)R;VEL97(L#0H@ / (&)K8VAN;&ED;«fe4L#0H@(')X<FlY7V%V86EL+T*("!N 
M97=C<F5D:70L#OH@('-W<GA?<V]F+ - T*#OH@(&ES<W5E+-T*("!R96-L86EM 
M#0HI.PT*#0H@(' ! A<F%M97 1 E<B!0=71D;'D@/2'P+C$P,#L-"@T*(" !I;G!U 
M= ,, '@("-@C'-@(''-@;&-L:SL@("'@r@(" , @(Tn , '!I;G!U= M, @("-@(" , @ 
M("-@<G-T.R'@("@("@("-@CT*("!I;G!U="'@('-@('-@('"@;G=R9&-L 



1 5 M:SL-"B , @:6YP=70@(" , @(" - @(""@(&)K8G)O:6QE<CL-"B-@:6YP=70@( , "@ 

M('-@('"@(&)K8VAN;&ED;&4[#0H@(&EN<'5T("-@("-@("'@("!R> , )D>5]A 
M=F%I;#L-"B ' @:6 YP=70@(" ' @(" ' @("~ @(&YE=V-R961I=#L-"B l @:6YP=70@ 
M(" , @X"'@( , "@X , -W<GA?<V]F.PT*#OH@X&]U- , !U-"'@(" , @("'@("!I<W-U 
M93L@(" ■ @(" ' @(" ' @#0H@(&]U=' !U=" ' @(" ' @(" 1R96-L86EM.R - @(" - @ 

2 0 M(" , @#0H-"@T*("!R96<@('"@6S$Z,%T@{"-@(&-R961I=&UG<E]Q.PT*("!W 

M:7)E(" , @6S$Z,%T@("'@(&-R961I=&UG<E]D.PT*#0H@(&%S<VEG;B!C<F5D 
M:7 1 M9W)?9" ' ](&-R96 1 I=&UG<E]F*&-R96 1 I=&UG<E]Q+"!R<W0L(&YW<F 1 C 
M;&LLCT*("'@("'@(" , @("-@(" , @(" , @(" , @( ,,, @(" , @(" , @(" , @("!B:V)R 
M;VEL97(L(&)K8 VAN;&ED;&4L#0H@("' ©("WW @C" @C" @C" @C" @ 

2 5 M(" ' @("' @(" ' @(')X<FIY7V%V86EL+"!N97=C<F5D:70L('-W<GA?<V]F*3L- 

M"@T*("!A;'=A>7,@0"AP;W-E9&=E(&QC;&LI#0H@(" , @8W)E9&ET;6=R7W$@ 
M/#T@8W)E9&ET;6-R7V0[#0H-"@T*("!A<W-I9VX@(VJU=&1L>2!KW-U92'J 
M(&-R961I=&UG<E]Q(#T](&!#4D147TE34U5%.PT*("!A<W-I9VX@(V]U=&1L 
M>2 ! R96-L86EM(#T@8 W)E9&ET;6=R7W$@/3T@8$-2 1 % 1 ?4D5#3$%)33L-"@T* 
30 M#0H@(&9U;F-T:6]N(%LQ.C!=(&-R961I=&UG<E]F.PT*("'@(«feEN<'5T("!; 
M,3HP72 , @(&-R961I=&UG<E]Q.RT^X'T*( , '"@,(&EN< , 5T("'@(' , '@("'@OS 
M=#L@("@("-@('"@('T*("'@(&EN< , 5T("-@("-@( , "@(&YW<FlC;&L[( , "@ 
M( , "@('T*( , "@(&EN<'5T( , "@("'@( , "@(&)K8VAN;&-0;FX[('"@('T*('-@ 
M(&EN<'5T( , ' , @( ,, "@(""@(&)K8VAN;&ED;&4[("'@('T*("'@(&EN<'5T('''@ 

3 5 M("- @(" ' @(&-R96 1 A=F%I;#L@(' T*("- @(&EN<'5T("' @(" - @("' @(&YE 

M=V-R96 1 I=#L@(" ' @CT*(" ' @(&EN<'5T('"@(" ' @(" - @(&9R86UE.R" @('"@ 
M( , ''@('T*#0H@('' , @8F5G:6X-''B'@( M '@(&EF("AR<W0I#0H@("-@(''-@(&-R 
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M"B-@;W5T<'5TC , -@("'@( , ''@(" , -0<&X[("-@("-@( ,, '@(" , - M B-@;W5T<'5T 
M( n -@("'@( ,, '@( ,,, .0<&YR.R'@( ,, '@( ,,, @( ,r -"B*@;W5T<'5T("-@("'@("'@ 
M("'CVUM83L@("-@(' ,, @("--"B-@;W5T<'5T(" > @("T^(' , -@("!0;&lP;W)T 
5 MR@("-@('"-"B-@;W5T<'5T('"@("'@(" , @("!D<VlA=&$[("'@(-@("'- 
M"B-0;W5T<'5T("'@("-@(-@("!R<FlY<G)D>3L@( l "@(' , '- ,, B-@;W5T<'5T 

M("W-@r@nE;V9S;V8[r 

M("'F<F%M97)X.R-@(" , @("-"B-@;W5T<'5T(^@("-@("-@("!F<F%M971X 
MR-@("-@C n - ,, B'@;W5T< , 5T("-@r , @(" , @( ,, !L < &-R-)X.R'@( , '"@(""- 
10 M"B ; @;W5T<'5T("-@r'@r'@("!S;V9I,CL@("-@("'@(" , -"B-@;W5T<'5T 

M("'LV]P7VEN:7r?9&]N93L-"B'@;W5T<'5T(""@("'@(" , @("!0<&Y?<VUP 

M- , @[r@("'-''B-@;W5T<'5T("-@r , @( , ' , @("!L < &([(' P @("'@(" > ^^ 
M"B-@'W5T<'5T("-@(-@r'@('ML<&4[("@("-@("'@("--"B^@;W5T< 1 5T 
15 M("'@r-@r-@("»M87)K.R-@("-@r , @(" , -"B'@;W5T<'5T(%LQ.3HP72-@ 

M("'P<FEM='EP93L@(-@("--''B'@;W5T<'5T("~@('''@(' , '@(" !A8W1I=F5T 
M9'([(-@(" , -"B-@;W5T<'5T(-@C"@(" , @("'V86QI9 I lD<CL@("-@(-- 
M"B'@W5T<'5T(%LT.C!=("-@("!L< 1 -T871E.R-@('-@(--"B-@;W5T< , 5T 
M( , '-@r@("'@(''!L<'-T871E7V-H86YG960[(" , -"B , @;W5T< , 5T("-@("@ 
20 M("-@CMS=VET8VA?;6]D93L@("--''B-@;W5T< , 5T("-@('''@(-@("!L;V-K 
M7VU09&4L("@r'-''B-@;W5T<'5Tr-@("'@("'@("!L< , -M7VAlJ8FU09&4[ 
M("--"B < @;W5T<'5T(" 1 @("-@(" , @("!L:7!G96X[(-@("-@( , "-"@T*#0H- 
M"B'@=VER92T^("X^("'©('''@( ,, 'T;VME;E]H;VOD7V\[(''-@( ,,, -"@T*(' l !R 
M96<@("'@("-@("-@X ,, '@('-W:71C:%]R97%?<3L@("'@(-T*("!W:7)E("-@ 
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M(""@(&Q08VM?<F5Q7WS[r'@( ,,, @('T*( , '!W:7)E("-@("'@( n '@("'@(&QO 
M8VM^<F5Q7V0[(' | -@(''-@(-T*( , '!R96<@r'@("'@(' r @X' , '@('!A;FEC7VEN 
M7W$[("-©( , ''@rT*("!W:7)E("-@( l ''@(" , @r'@C!A;FEC7VEN7V0[("-@ 
M("-@(T*#0H@(')E9R-@r@('''@("'@("'@86-C97-S7W$[( , ''@(" , @("-@ 

30 M#0H@(M<F4@("@("-@("-@("'@86-C97-S7V0[("-@("-@("-@#0H@^ 
M<F4@("'@("'@("'@("'@86-C97-S7VH[(-@(-@(-@#0H@C=r<F4@( @ 
Mr-@("-@("-@86-C97-S7\l.[("'@(" , @( , ''@#0H-"B-@<F5G("-@r 
M("-@('MB;&MS;3%?<3L@("-@r-@("--"B-@=VER92-@X-@(-@("-@('MB 

M;&MS;3%?9#L@C-@(-@X--"B-@<F5G(-@(-@("-@("^ 
35 MR > @(-@("'@(' r -"B-@=VER92-@("'@C"@C"@("!B;&MS;5]D.R @( @ 

M"B'@=VER92'@("'@(' , '@("'@(''!B;&MS;5]K.R-@("-@(' , -@('"-''@T*("!W 
M:7)Er-@(-@(-@('4(&lU86QS;7!L>#L@("-@("-@(-T*#0H@C=I<F4@ 
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M(""@(" , @(""@("'@:6YD:7-C;W9E<GD[(" - @(" - @#0H-"B-@=VER92 , @('"@ 
M(" , @(" , @("!C;61?;W!N7VlI<V-O.R , @(""-"B , @=VER92"@(" - @(""@(" - @ 
M("!C;61?8VQS7VlI<V-O.R-@("-"@T*("!R96<@("'@6S(Z,%T@(" , @('=A 
M:71C; , -?<3L@( , "@( , "@('T*("!W:7)E("-@6S(Z,%T@("'@('=A:71C;'-? 
5 M9#L@(" , @( ,, '@(T*( , MW:7)E(" , @,6S(Z,%T@(" , @(-A:71C;'-?:3L@(" , @ 
M("'@(T*("!W:7)E("-@("'@("'@("-@( , =A:71C; , -?96X[('*-@( l "@rT* 
M#0H@(')E9R , @(" , @( , ' - @ / ('''@X' r @;W!N;6ES<U]Q.R@(" , @(' , '@#0H@('=I 
M<F4@(" , @("~@(" , @(" , @;W!N;6ES<U]D.R-@("'@(" , @#0H-"B , @=VER92 - @ 
M( , "@(" , @(' ,, @("!S=W)X7VQI< , -E<3L@('-@("--"@T*("!W:7)E("-@("'@ 

1 0 M('''@( ,n @(&QP<GA?;&EP<V5Q.R 1 @("-@('T*( , MW:7)E( , ' - @(" - @(" - @(' , '@ 

M(&QP<GA?;&EP9C=S97$[(" , @CT*("!W:7)E(" , @(" , @(" , @(' ,, @(&QP<GA? 
M;&EP9CAS97S[('"@CT*("!W:7)E("-@( , -@(" , @(" , @(&QP<GA?;&EP;WlH 
M97)S97S [(' T*#0H@('=KF4@(" ' @(" ' @(" ' @C" @<V%VJ8G)D&VJ-T.R:@('" @ 
M("'@#0H-"B'@<F5G(" , @(" , @("'@(""@("!B8W-T7W!R;6)L7WS[( , "@(" - - 
15 M"B , @=VER92-@C"@('-@("-@("!B8W-T7W!R;6)L7V0[('-@("--"B-@=VER 
M92 , @(' ,, @(' ,, @(" , @("!B8W-T7W!R;6)L7VD[("-@("--"B'@<F5G( , -@(" , @ 
M('"@(-@("!B8W-T7W)E;%]Q.R@( , -@(--"B'@=VER92'@("'@( , "@C' > @ 
M("!B8W-T7W)E;%]D.R'@(" - @(" , -"@T*("!R96<@( , "@('"@(" , @(" , @(&AO 
M;&1C;'-?<3L@C"@( ,0 @CT*( ,, !W:7)E("-@(" , @("'@(" , @(&AO;&1C;'-? 

2 0 M9#L@(" , @(" , @(T*("!R96<@(" , @("-@("'@("@(&AO;&10<&Y?<3L@(-@ 

M("'@CT*("!W:7)E(" , @(" - @("'@("'@(&AO;&]0<&Y?9#L@("'@(" , @( , T* 
M("!R96<@(" , @(" , @(""@(""@(&AO;&10<&YR7W$[("'@( , "@( , T*("!W:7)E 
M(" , @(" , @("@(" , @(&AO;&10<&YR7VO[(" , @(" , @(T*(T*("!W:7)E( , "@ 
M(" , @( , '-@("'@(&9A:6Q?;&EP7V\[("-@("-@CT*("!W:7)E("-@("-@("-@ 

2 5 M( ,r @(&]T:&5R7VQI<%]O.R , @("-@( , T*("!W:7)E( , "@("'@(" , @(" , @(&QI 

M<&8W7V\[("-@("-@("'@(-T*("!W:7)E(" - @(" , @( , ''@( ,,, @(&QI<&8W7VlE 

M=#L@("'@("'@(T*#0H@(M<F4@("'@("-@( , ''@("'@;&i9&YY7VH[( , '-@ 
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M(''"@( n, @("'@;&-L9&YY7W$[( , '~@(''@(""@«)H-' , B'@=VER92 , @("'@( M- @ 
M("-@("!0<&YR;71?:CL@( , "@(" - @("'-"B , @=VER92'@("'@("'@( , "@("!0 
M<&YR;7 1 ? : SL@(" ' @(" " @(" ' -"B ' @= VER92 '<§("•©("-(§('"©("! 0<&YR; 7 1 ? 
M:3L@("'@("'@(" , -"B'@=VER92'@("'@r'@( ,l "@('VO<&YR;71?9#L@('' , @ 

3 5 M(" , @(" , -"B'@<F5G("•@(" , @("•@("'@("!0<&YR;71?<3L@("•@("•@("•- 

M"@T*('MW:7)E("'@("'@("'@("'@(&]P;FQC;%]J.R'@ / ("'@(''"@('T*( , '!W 
M:7)E("-@("'@("-@("'@(&]P;FQC;%]K.R , @("'@("-@(T*("!W:7)E("'@ 
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M;FQC;%]Q.R' @(" 1 @("' @(' T*#0H@('=I<F4@r @("'@("' @(" ' @<FUT9 VYT 
M7VH[("' @(" §}(■ /Oil i'( , =KF4@(" - @( , -@(" 1 @(""@<FUT9VYT7VL[("'@ 
M("'@.(" , @#0H@('=I<F4@(" , @( , "@("'@("-@<FUT9VYT7V0[(" , @(" , @("'@ 
5 M#0H@(')E9R , @( , "@('*'@( , "@( , "@<FUT9VYT7W$[("'@( , -@("-@#0H-"B-@ 
M<F5G("-@("'@("'@("'@("!A<F)l;GlV;%]Q.R-@("-@("--"B-@=VER92'@ 
M("'@(" - @("'@("!A<F)I;G1V;%]D.R , @(" , @( , "-"@T*("!W:7)E(" - @6S$Z 
M > %T@("-@(&QC;'!R:5]I.R-@('"@(" , @CT*#0H@C=KF4@("-@(-@("-@ 
M("'@:&EP<FD[("-@("-@("'@(' r @#0H@("-@("--''B'@<F5G("-@(%LY.C!= 

1 0 M(" ' @(" !A;'!D7W$[("'@(" ' @("' @C" - "B ' @= VER92 ' @(%L Y .C !=(" ' @(" ! A 

M; , !D7VD[(" 1 @( , "@( , "@('"-"B'@=VER92-@(%LY.C!=(" , @("!A; , !D7V@t 
M("-@X"'@( ,, '@('''-''B'@=VER92'@(%LY.C!=("'@(''!A;'!D7V0[("@("-@ 
M("-@r'-"B'@=VER92'@(%LY.C!=( , '"@("!A;'!D7V\[("-@("-@(-@(-- 
M"@T*(" ! R96<@(" ' @6SDZ,%T@("' @(&%L<'-?<3L@("' @(" - @("~ @( - T*(" ! W 

15 M:7)E("-@6SDZ,%T@(''-@(&%L<'-?:3L@("-@("-@("-@('T*("!W:7)E("-@ 
M6SDZ ) %T@("-@(&%L<'-? : #L@C"@("'@("'@(-T*("!W:7)E( I "@6SDZ,%T@ 
M("'@(&%L<'-?9#L@( , "@(' ,, @(" , @CT*("!W:7)E("'@6SDZ > %T@(-@(&%L 
M<'-?;SL@( , "@("'@("'@('T*#0H@('=T<F4 l( 7( ' gC'^X" «)("'(« W!N7V I U 
M<&QE>#L@(''-@X"'@#0H@('=I<F4@("'@(" , @("-@("'@;W!N7W-M<&QX7V\[ 

20 M("'@(" , @#0H- ,, B , @<F5G("'@(" , @("'@( , -@("!H:71?86QP85]O.R-@("-@ 
M("--"B-@=VER92 - @("'@("@C"@("!H:71?86QP85]D.R'@("'@("--"B - @ 
M=VER92^ @(" ' @(" 1 @(" ' @(" ! H:7 1 786QP85] J.R' @r @('" -"B ' @=VER92 ' @ 
M(" - @("'@(" , @("!H:71?86QP85]K.R , @r@("'-"B , @=VER92'@( , "@(" , @ 
M(" , @("!H:71?86QP83L@("-@( , "@(" - -"B - @#0H@C=I<F4@("!;-#HP72'@ 

2 5 M( ,n @;'!S=&%T95]O.R'@( ,, ^r@#0H@^^ 

M=&%T95]C:&%N9V5D7V\[#0H@C=I<F4@(" - @r'@C"@("*@;'!S;5]M;VX[ 
M#0H@('=I<F4@("-@("-@("'@( n- @;'!S;5]B<WDt#0H@( , =I<F4@(" , @(" , @ 
M("-@("-@;'!S;5]A<F([#0H@('=I<F4@( 1 '-@("'@("'@(' , '@;'!S;5]R96QO t 
M<&X[#0II@('-I<F4@('"®(" 2("W 5 .''S,51O<&X[#0H@('=I<F4@("-@ 
30 MC"@("-@("-@;'!S;5]C;VX[#0H@C=l<F4@(-@(-@(-@("'@;'!S;5]C 
M;'-I;F<[#0H@('=I<F4@("-@(" , @(" , @(" , @;'!S;5]C;'-E9#L-"B'@=VER 
M92 - @( , "@('"@(" - @("!L< , -M7VQK#L-"B-@=VER92'@(" - @(" - @(""@("!L 
M<'-M7VAU8CL-"B'@=VER92'@(""@("'@(""@("!L<'-M7V)R9&-S=#L-"B"@ 
M=VER92 ' @(" - @("" @("' @(" ! L<'-M7W= A:70[#0H@('=KF4@(" ' @(" ' @(" ' @ 

3 5 M(" , @;'!S;5]G96YC;',[#0H®('=I<F4@("'@("-@(" - @("'@;'!S;5]R8W9C 

M; , ,[#0H@( , =I<F4@('-@("-@("-@('"@;'!S;5]B<WEO<&X[#0H-"B'@=VER 
M92'@('' - @(" , @( l, '@('ML< , -M7W-W<&%N:6,[#0H@('=I<F4@("'@("-@("-@ 
M('" @;' ! S;5]H=6)P86YI8SL-"B ' @=VER92" @("' @("' @("' @(" !L<'-M7VAU 
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M8FQO8VMI;F<[#0H@('=I<F4@ / (" , @("'@(" , @(" , @;'!S;5]H=6)L;V-K;W!N 
M.PT*("!W:7)E(" , @(" , @(" , @(" , @(&QP<VU?: , 5B;&]C:VQK#L-"B'@=VER 
M92'@( , ''@(' I '@(" - @("!L<'-M7VAU8FQ08VME9#L-"B , @=VER92 , @(" , @('"@ 
M('-@("!L<'-M7VAU8F9L=7-H.PT*("!W:7)E("'@(" , @(" , @(" , @(&QP<VU? 
5 M9&ES8V\[#0H@('=I<F4@("-@('"@("-@("-@;'!S;5]P;&ES=&5N.PT*("!W 
M:7)E("'@("'@(-@("' @(&QP<VU?<W=L;V-K960[#0H@C=I<F4@('"@("'@ 
M( , "@( , "@;'!S;5]S=VQO8VMI;F<[#0H@('=I<F4@("-@("'@("'@('"@;'!S 
M;5]S=V9L=7-H.PT*#0H@('=I<F4@("'@(-@("-@('-@;'!S;5]S=W-T871E 
M.PT*('MW:7)E( ,, '@( ,r @(' ,, @(' , '@(&QP<VU?:&QS=&%T93L-"@T*("!W:7)E 

1 0 M("' @("' @("' @('" @(&QP<VU?;G AT7VUO;CL-"B' @-VER92" @('" ©('"©('" @ 

M("!L< , -M7VYX=%]A<F([#0H@('=KF4@(-@('-@("-@("-@;'!S;5]N>'l? 
M; W!N.PT*("! W: 7)E("' @(" ' @("' @("' @(&QP<VU?;GAT7V)R9&-S=#L-"@T* 
M("!W:7)E("-@("'@("-@("-@(&QP<VU?<')V7V)R9&-S=#L-"@T*("!W:7)E 
M(" , @(" , @( , "@(" , @( , )X8V]N7VED;&4[#0H@( , =I<F4@( , "@("'@('-@("'@ 

15 M<GAC;VY?;W!N.PT*("!W:7)E("'@(" , @C"@("-@(')X8V]N7V-O;FX[#0H@ 
M('=l<F4@r'@("-@("'@("'@<GAC;VY?9V5N8VQS.PT*("!W:7)E( , "@(" , @ 
M("'@( ,r @(')X8V]N7V9W9&-L<SL-"B-@=VER92-@("'@("~@(""@("!R>&-0 
M;E]R8W9C;',[#0H@(-I<F4@ / ("'@( ,,, @(""@( , "@<GAC;VY?;GAT7VED;&4[ 
M#0H@('=KF4@(" ' (gC" @("~ @;&-L8 VQS7V9S=#L@("' @C" @#0H@('=I 

20 M<F4@(" , @( , "@(" , @( , "@<GAC;VYN=7 , [C-@("-@("-@#0H@( , =I<F4@(" , @ 
M("'@(" , @("'@<GAC;VYN9'=N.R , @('"@(" , @#0H-"B-@=VER92'@(" , @C"@ 
M(" , @("!T>&-0;E]I9«&QE.PT*("!W:7)E(" , @(-@(" , @(" , @('lX8V]N7V-0 
M;FX[#0H@( , =I<F4@("-@('"@("'@(" , @=*AC;VY?=V%I=&)O=&@[#0H@('=I 
M<F4@(" ' @("' @(" ■ @('" @=' AC;VY?='AD; VYE.PT*("! W:7)E("' @(" * @("' @ 

2 5 M("'@<MX8V]N7W)X9&]N93L-''B @=VHR92'@("'@("-@( , ''@("!T>&-0;E]G 

M96YC; , -I;F<[#0II@X-I < F4@(' , '@("'@( M '@(' ,, @-- , AC;VY?-V%I-&)K9&YY 
M.PT*("!W:7)E("'@(" , @( , "@(""@('1X8V]N7V=E;F-L<V5D.PT*("!W:7)E 
M(" , @( , "@(""@( , "@( , lX8V]N7W=A:71B:V-L<SL-"B , @=VER92'@( ,r @("-@ 
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M(" , @(" > @("'(S/S(X7S5?='@[("-@(" , @(" , @#0H@('=I<F4@( , ' , @("-@(- 
M( , '-@=W-Y8U]V;&0[("'@(""@(" - @#0H-"B"@<F5G("'@(' , "@(" , @(' ,, @("!D 
M<W)X9&-L<U]Q.R , @( , "@(" , -"B-@=VER92'@('-@(" , @C"@("!D<W)X9&-L 

35 M<U]D.R-@("-@("--''B-@=VER92-@(" , @("'@(" , @('MD<W)X9&-L<U]J.R-@ 
M(" , @("--"B'@=VER92-@(" , @(""@(' r @("!D<W)X9&-L<U]lC.R-@("-@("'- 
M"B'@=VER92-@(''-@(' , -@(''-@("!D<W)X9&-L<SL@("'@( , -@(" , -"@T*("!R 
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M;WlR<%]O<&X[(" , @("'@( ,,, @#0H@( , =I<F4@( ,, -@( ,,, @( ,, '@("'@;WlR<%]H 
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M("-N;'!S;5]N>'1?8G)D8W-T*&QP<VU?;GAT7V)R9&-S="DL#0H@('"@+FQP 
M<VU?<W=S=&%T92AL<'-M7W-W<WIA=&4I+'T*(''"@("YL<'-M7VAL<W1A=&4H 

3 0 M; , !S;5]H; , -T871E*0T**3L-"@T*#0H@(')E9R-@("'@(" - @(""@(""@<GAD 

M;GEC;'-?<3L-"@T*("!W:7)E("'@(" , @(""@("'@(')X9&YY8VQS7V0[#0H@ 
M( , =I<F4@( n ' @(" ' @C" @(" ' @<GAC;F-T960[("' @(. B ' @C @#0H@('=KF4@ 
M("'@("-@("-@( , "@-AD;GEC;',[("-@(-@("'@#0H-"B'@87-S:6=N(')X 
M9&YY8VQS7V0@/2!^<GAC;VY?:61L92-F#0H@( , "@(" - @(""@(""@("'@("'@ 
35 M("-@*"AR>&-0;E]0<&X@)B!S=W)X7V]P;ELP72'F(YH:71?86QP82D@?"-- 
M"G)X9&YY8VQS7W$I.PT*("!A<W-I9VX@<GAC;F-T960@( l "](YR>&-O;E]I 
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M;E]W86ET8FMC;',H=AC;VY?=V%l=&)K8VQS= ,t 2P-"B-@("-@(" > @(" - @(" - @ 
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M8VQT>&-L<U]D(#T@;&]O<%JC;&]S960@? ,, !I.< , -M7W=A:70@?'T*(' , '@("-@ 
M(" , @("'@("'@(" , @("'@(&QP<VU?8VQS:6YG("8@*'1X8V]N7W1X9&]N92!\ 

3 0 M(*1X8V]N7W=A:71B:V-L<RD[#0H-"@T*("!R96<@("-@("'@X-@(""@(&QC 

M;')X8VQS7W$[#0H-"B'@=VER92@("-@C"@(-@("!L8VQR>&-L<U]D.PT* 
M#0H@(&%S<VEG ;B ! L8 VQR>&-L<U]D(" ' @(#T@?G)X8V]N7VED;&4@/R!R>&-0 
M;E1N> , 1?:61L92'Z(&QC;'1X8VQS7V0[#0H-"@T*("!A<W-I9VX@<FUT9VYT 
M7VH@(#T@96Y?8FMC:&YL(#\@<FUT<F5Q("8@<GAC;VY?;W!N(#H-"B'@("-@ 
3 5 M('" @(" ' @C" @(" '@('" @(" AR;7 1 R97$@)B! L<"-M7V%R8B "F(&QP<GA?87)B 
M:&D@)B--"B-@("-@(" : @("'@( , "@('"@('"@("!S=VET8VA?<F5Q7W$@)B! A 
M;&]C:U]R97%?<2D[#0H@(&%S<VEG;B!R;71G;G1?:R@/2!E;E]B:V-H;FP@ 
M/R! A 8FMC:&YL=7!?;B'Z(&QO;W!?8VQO<V5D('P@;'!S;5]W86ET.PT*("!A 
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M<W-I9VX@<FUT9VYT7V0@(#T@* , )M=&=N=%]Q('P@<FUT9VYT7VHI("8@?G)M 
M=&=N=%]K.PT*#OH-"B'@87-S:6=N(&OC;&1N>5]J('"](&QC;&1N>3L-"B'@ 
M87-S:6=N(&QC;&1N>5]K("'](&YW<F1C;&L[#0H@(&%S<VEG;B!L8VQD;GE? 
M9"-@/2'H;&-L9&YY7W$@? M !L8VQD;GE?:BD@)B! A ;&-L9&YY7VL[#0H@(&%S 
5 M<VEG;B!L8VQD;GE?:2'@/2 ! L8VQD;GE?<2 !\(&QC;& 1N>3L-"@T*( M ! A<W-I 

M9VX@;W!N<FUT7VH@(#T@;W!N<FUT.PT*(' , !A<W-T9VX@;W!N<FUT7VL@(#T@ 
M?FQP<VU?;W!N.PT*("!A<W-I9VX@;W!N<FUT7V0@(#T@*&]P;G)M=%]Q('P@ 
M;W!N<FUT7VHI("8@?F]P;G)N4=%]K.PT*("!A<W-I9VX@;W!N<FUT7VD@(#T@ 
M;W!N<FUT7W$@?"!O<&YR;70[#0H-"B'@87-S:6=N(&]P;FQC;%]J( , "](&]P 
1 0 M;FQG;#L-"B > @87-S:6=N(&]P;FQC;%]K("'](&YW<F1C;&L[#0H@(&%S<VEG 
M;B!0<«&YL8VQ?9"'@/2 , H;W!N;&-L7W$@?"!0<&YL8VQ?:BD@)B! A ;W!N;&-L 
M7VL[#0H@(&%S<VEG;B!O<&YL8VQ?:2 , @/2!O<&YL8VQ?<2!\(&]P;FQC;#L- 
M"@T*("!A<W-I9VX@<FUT<F5Q7VD@/2!R;71R97S@)B-H86-C97-S7W$@7"! A 
M8V°/oS8V%D92D@)B! A 8FQK<VU?<3L-"B'@87-S:6=N(')M=')E<5]D(#T@*&YW 

1 5 M<F1C;&LI(#\@<FUT<F5Q7VD@.B!R;71R97%?<3L-"@T*#0H@(&%S<VEG;B!S 

M;F1?<')I;5]D(" , ]( M AN=W)D8VQK*2'_('-N9%]P<FEM(#H@<VYD7W!R:6U? 
M<3L-"@T*#0H@(&%S<VEG;B!B>7!A<W-?9 ,,, @(" , ](" , H;G=R9&-L:RD@/R!B 
M>7!A<W,@(#H@8GEP87-S7W$[#0H@(&%S<VEG;B!P87)L;V]P7V0@(" , ](" - H 
M;G=R9&-L:RD@/R!P87)L;V]P(#H@<&%R;&]O-f%]Q.PT*#0H-"B - @87-S:6=N 
20 M(&)Y<&EN<V5R=%]D(#T@("AN=W)D8VQK*2"_("@H?F)Y<&%S<RT("!B>7!A 
M<rW-?<2T(&QP<VU?:'5B*2!\(T*(" , @("-@("-@("-@('"@(' ,, @("~@( , "@ 
M("'@("'@(" , @("'@(&)Y<&EN<V5R=%]Q^ 
MTQI<&10;F4I(#H-"B"@("'@("^ 

M('"@(&)Y<&EN<V5R-%]Q.PT*#0H@(&%S<VEG;B!R9FEI9&OE7V0@/2!N=W)D 

2 5 M8VQK(#\@*')F:69I;&Q?<2'F(&QP<GA?87)B;&\@?"!L< , )X7VED;&4I(#H- 

M"B'@("' @(" 1 @C@r @(" ' @C @( , )F:6ED;&5?<3L-"B- @87-S :6=N(')F 
M:691;&Q?9"'](&YW<F1C;&L@/R!R9FEF:6QL(#H@<F9I9FEL;%]Q.PT*#0H- 
M"B , @<F5G("' @(%LQ.C! =("' @("! A;&EG;F-N=%]Q.PT*(" !R96<@(" ' @('"@ 
M("-@("'@(&%L:6=N97)R7W$[#0H-"B , @=VER92 , @(%LQ.C!=("'@("!A;&EG 
30 M;F-N=%]D.PT*("!W:7)E("'@( , "@('"@( , "@(&%L:6=N97)R7V0[#0H-"B'@ 

M87-S:6=N(&%L:6=N8VYT7V0@/2 , H:S(X7S5?='@I(#\@<WEM8V\T7W$@.B!A 
M;&EG;F-N=%]Q.PT*("!A<W-I9VX@86QI9VYE<G)?9" , ]("AK,CA?-5]T>"D@ 
M)B!\*&%L:6=N8VYT7WS@7B!S>6UC;G1?<2D@)B!W<WEC7W9L9#L-"@T*("!W 
M:7)E("'@( ,,, @("-@("'@(&YZ8W)E9&ET7V\[#0H-"B , @87-S:6=N(&YZ8W)E 

3 5 M9&ET7V\@/2!L<')X7W-O9B'F#0H@(' , -@("-@("-@("-@(" - @(" - @("'@*&QP 

M<VU?;W!N( , P-"B'@(" , @('"@(" , @(" , @X" , @("'@(" , @;'!S;51R96QO<&X@ 

M?"'-"B , @("'@(" , @("'@(" , @(' , '@(''"@('''@;'!S;5]B<WEO<&XI.PT*#0H- 

M"B ' @=VER92" @(" ' @(" ■ @(" ' @(" ! Q<& YO<&Y?;SL-"@T*("! A<W-I9 VX@; WIN 



US 2003/0108061 Al 



88 



Jun. 12, 2003 



PATENT 

M;W!N7V\@("]("AL<')X7V]P;B!\(&QP<GA?;W!N<B!\('-W<GA?;W!N6S!= 
M*2'F#0H@( , "@(" - @(" - @( , "@(""@(""@("'@("AL<'-M7V]P;B'@("!\#0H@ 
M('''@r , @('''@(" , @(""@( ,, '@("'@( , ML<*-M7W)E;&]P;B!\#0H@(" , @("'@ 
M("'@("-@('''@( , ''@("'@(''!L< , -M7V)S>6]P;B!\#0H@("'@("-@("'@("'@ 
5 M(" , @(" , @(' , '@( M !L<'-M7V-O;B'@( l '!\#0H@("'@r-@("'@("'@(" > @("'@ 
M( , ''@("!L< , -M7V-L<V5D( , '!\#OH@(-@("-@("-@("-@(-@("-@( , "@("!L 
M<'-M7V-L<VEN9R!\#0H@("-@(" , @(" , @(" , @("'@( ,,, @(" , @("!L< , -M7V=E 
M;F-L<R!\#0H@("'@("'@("'@("'@(" - @(" - @(" , @("!L<'-M7W)C=F-L<RDt 
M#0H-"@T*("!A<W-I9VX@86QP9%]O('"@(" , @/2!A;'!D7W$[#0H@(&%S<VEG 
1 0 M;B!A;'!S7V\@(" , @( , "](&%L<'-?<3L-"@T*#0H@(&QI<&5V96YT(%5?3$E0 

M159%3E0@*"YLXVQK*&-L:RDL("YR<W0H<G-T*2P@+FYW<F1.C;&LH;G=R9&-L 
M:RDL#0H@("'@(":@( ,r @(" , @("-@( , -@("'@("YE;F%B;&4H;&EP9&5T96XI 
M+ , ''N<W=S=&%T92AL< , -M7W-W<WlA=&4I+ - T*("-@("-@(" , @( ,,- @("'@("'@ 
M(' , '@(" , N<W=R>%]L:7 , H<W=R>%]L:7!S97$I+ , T*(" - @("'@( M- @( ,, -@("'@ 

1 5 M( ,,, @(" , @(""N; , !R>%]L:7'H; , !R>%]L:7!S97$I+ , T*("-@("-@(" , @(" , @ 

M("'@("'@("'@("'N;'!R>%]L:7!F-RAL<')X7VQI<&8W<V5Q*2P-"B"@(""@ 
M("@(" , @(" - @(" - @("'@.(" - @+FQP<GA?;&EP9C@H;'!R>%]L:7!F.'-E<2DL 
M#0H@C"@("'@('"@("-@( , "@("'@(" , @("YL< , )X7VQI<&]T:&5R*&QP<GA? 
M;&EP;WlH97)S97$I+ , T*(" , @("-@("-@("-@(""@("'@("'@("'N;&EP9C=? 

2 0 M978H;&EP9C=?;RDL#0H@r@r@("WW 

M=BAF86EL7VQK%]0*2P-"B"@("'@(""@(""@(" , @(" , @("'@("'@+FQK&]T 
M:&5R7V5V*&]T:&5R7VOI<%]0*2D[#OH@CT*#OH@(')E9R'@("'@(" > @("'@ 
M("'@;&EV96QK%]Q.PT*("!W:7)E( , "@(" , @(" , @('-@(&QI=F5L:7!?9#L- 
M"B , -"B@87-S:6=N(&QI=F5L:7!?9"'](&QP<GA?;&EP<V5Q.PT*#0H-"B'@ 

2 5 M=VER92' @(" ' @(" - !L:7!G96Y?;SL-"@T*("! A<W-I9VX@;&EP9V5N 

M7V\@("](')X9G=?<V5L("8@<GAF=U]L:7-@)B! A : , 5B7V)Y<#L-"@T*("!R 
M96<@(" , @X" - @ / ("'@(" , @X')R9'ER96=?<3L-"B'@<F5G(" , @(" , @("'@(" , @ 
M("!E;V9R96=?<3L-"@T*(''!W : 7)E( , ''@( ,, '@("'@(' , '@(')R9'ER96=?9#L- 
M ,, B'@-VER92'@( ,,, @( l,- @i , ' , @("!E;V9R96='?9#L-"B , @=VER92-@("'@( ,, '@ 

3 0 M(""@("!R<F1Y<G)D>5]0.PT*("!W:7)E('"@("'@(" , @(""@(&509G-09E]0 

M.PT*#0H@(&%S<VEG;B!R<F1Y<F5G7V0@(#T@*&YW<F1C;&LI(#\@;'!R>%]R 
M<F1Y(#H@<G)D>7)E9U]Q.PT*("!A<W-I9VX@<G)D>7)R9'E?;R'](&QP<GA? 
M<G)D>2 , F(')R9 , ER96=?<3L-"B'@87-S:6=N(&509G)E9U]D("'@/2'H;G=R 
M9&-L:RD@/R! L<')X7 V509B ' Z(&509G)E9U]Q.PT*(" ! A<W-I9 VX@96]F<V]F 
35 M7V\@("-](&QP<CtA?<V]F("8@96]F<F5G7W$[#0H-"B'@<F5G('-@('"@(" , @ 
M("' @(" !F<F%M97)X7W$[#0H@(')E9R" @('"@(""@(" " @(" ' @9G)A;65T>%]Q 
M.PT*#0H@('=I<F4@(-@("-@('"@("'@9G)A;65R>%]D.PT*("!W:7)E(" > @ 
M("" @(" ■ @(" ' @(&9R86UE=' A?9#L-"@T*(" ! A<W-I9 VX@9G)A;65R>%]D("-] 
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PATENT 

M("AL<')X7W-09B!\(&9R86UE<GA?<2D@)B! A *&QP<GA?96]F('P@; , !S;5]L 
M:7'I.PT*("!A<W-I9VX@9G)A;65T>%]D(" - ]("AS=W)X7W-09B!\(&9R86UE 
M=A?<2D@)B! A * , -W<GAV96]F( , P@;'!S;5]L:7 , I.PT*#0H@C)E9R , @(" , @ 
M('"@(" , @(" 1 @;'!C<G1R>%]Q.PT*#0H@('=I<F4@( , "@( I "@(^@("'@;'!C 
5 M<G1R>%]D.PT*#0H@(&%S<VEG;B!L<&-R=')X7V0@(#T@*&QP<GA?;W!N('P@ 
M;'!C<G1R>%]Q*2 , F('XH; , !R>%]C; , ,@?"!L< , -M7VQI< M D[#0H-"@T*#0H@ 
M(&%S<VEG;B!O<&YM:7-S7V0@/2!R8W9M;VlE7W$@)B!L<')X7V]P;BT(&QP 
M<VU?8V]N.PT*#0H-"B'@=VER92 , @(" , @(" , @(" , @("!D<V1A=&%?;SL-"@T* 
M("!A<W-I9VX@9'-D871A7V\@/2!L<')X7W-09B'F('YT>&-0;E]I9&QE.PT* 
1 0 M#0H-"B , @<F5G("-@('-@(" - @("'@("!L;V]P7VF.N:71 ?9&]N95]Q.PT*#0H@ 
M('=l<F4@( , "@("'@(" , @('"@;&]O<%]I;FET7V10;F5?9#L-"B-@=VER92 , @ 
M("-@( , '-@( ,,- @("!L;V]P7VEN:71?9&]N95]J.PT*("!W:7)E( , "@("'@( , "@ 
M(" , @,(&QO;W!?:6YT=%]D;VYE7VL[#0H-"B-@87-S:6=N(&QO;W!?:6YI=%]D 
M;VYE7VH@/2!L<')X7V-L<SL-"B , @87-S:6=N(&QO;W!?:6YI=%]D;VYE7VL@ 

1 5 M/2!L<'-M7VQK#L-"B'@87-S:6=N(&QO;W!?:6YI=%]D;VYE7V0@/2'H;&]O 

M<%]I;FET7V10;F5?<2!\(&QO;W!?:6YI=%]D;VYE7VHI("8-"B-@('"@("-@ 
M(" , @("'@(" , @(" , @(" , @('"@("! A ;&]0<%]I;FET7V10;F5?:SL-"@T*#OH@ 
M(&%S<VEG;B-C;W5T9&QY('1X7V1A=&$@("'@(#T@='A?9&%T85]Q.PT*("!A 
M<W-I9VX@(V]U=& I L>2!T>& 1 O=70@(" , @("']('lX9&]U=%]W:7)E.PT*("!A 

2 0 M<W-I9VX@(V]U=&lL>2!A; , !A(" , @( n- @("']( , L@86QP9%]0+"!A;'!S7V\@ 

M?3L-"B " @87-S :6=N("-0=7 1 D;'D@8V%M7V%L<&0@(" ' @/2 ! C86U?86QP9%]0 
M.PT*( , '!A<W-I9VX@(V]U=&1L>2!C86U?86QP9%]B860](&-A;5]A;'!D7V)A 
M9%]O.PT*("!A<W-I9VX@(V]U=&lL>2!L8VQO<&X@("'@("'](&QC;&]P;E]Q 
M.PT*("!A<W-I9VX@(V]U=&1L>2!L8VQT>&-L<R'@("'](&QC;'1X8VQS7WS[ 

2 5 M#0H@(&%S<VEG;B-C;W5T9&QY(&QC;')X8VQS('"@(#T@;&-L<GAC;'-?<3L- 

M"B-@87-S:6-N("-0=71D; , D@;&-L<')I("'@("'@/2!L8VQP<FE?:3L-"B-@ 
M87-S:6=N("-O=71D;'D@;'!S=&%T92'@("-@/2!L<'-T871E7V\[#0H@(&%S 
M<VEG;B"C;W5T9&QY(&QP<W1A=&5?8VAA;F=E9'"](&QP<W1A=&5?8VAA;F=E 
M9%]O.PT*("!A<W-I9VX@(V]U=&lL>2!S=VET8VA?;6]D92 - ](&QP<VU?<W=S 

3 0 M=&%T92!\(&QP<VU?<&QKW1E;CL-"B'@87-S:6=N("-0=71D;'D@;&]C:U]M 

M;V 1 E("'@/2 ! L<'-M7VAU8FQO8VME9"!\(&QP<VU?<W=L;V-K960@? , T*(" , @ 
MC" @C" @C" @(" ' @(" ' @C" @(" ' @(" ' @T @(&QP<VU?9&ES8V\@?"!L<'-M 
M7W!L:7-T96X[#0H@(&%S<VEG;B!L<'-M7VAU8FUO9&4@('-@("-@(#T@;'!S 
M;5]H=6)M;V1E7W$[#0H@(&%S<VEG;B , C;W5T9&QY( , =R9&-L:V\@.( ,, '@(#T@ 
3 5 M=W)D8VQK.PT*(" ! A<W-I9VX@(V]U=& 1 L>2!R;7 1 G;G0@(" "@(- J(')M=&=N 
M=%]Q.PT*("!A<W-I9VX@(V]U=&1L>2!R>%]P<FEM(" , @(" , ](')X7W!R:6U? 
M<3L-"B-@87-S:6=N("-0=71D;'D@86QI9VYE<G(@(" , @/2!A;&EG;F5R<E]Q 
M.PT*("!A<W-I9VX@(V]U=&1L>2!F86EL7VQK-'@("'](&9A:6Q?;&EP7V\[ 
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M#0H@(&%S<VEG;B' C;W5T9&QY(&]T:&5R7VQK" , @(#T@; W 1 H97)?;&EP7 V\[ 
M#0H@(&%S<VEG;B' C;W5T9&QY(&QI<&8W7V 1 E=" ' @(#T@;&EP9C=?;SL-"B" @ 
M87-S:6=N("-O=71D; , D@;&EV95]L:7-@(-@/2!L:79E;&EP7W$[#0H@(&%S 
M<VEG;B"C;W5T9&QY(&)P7V-A;7)E<2"@(#T@8G!?8V%M<F5Q7W$[#0H@(&%S 
5 M<VEG;B~C;W5T9&QY(&1I<V-07W)E<5]A;'!A(#T@9&ES8V]?<F5Q7V%L<&%? 
M;SL-"B'@87-S:6=N("-0=71D;'D@9&ES8V]?8VQR7V%L<&$@/2!D:7-C;U]C 
M;')?86QP85]O.PT*("!A<W-I9VX@(V]U=&lL>2!B8W-T;6%S=&5R("-](&QP 
M<VU?<')V7V)R9&-S=#L-"B , @87-S:6=N("-0=71D;'D@9&ES8V]?8G5S>2'@ 
M/2!I;FlI<V-O=F5R>3L-"B'@87-S:6-N("-O=71D; , D@;GIC<F5D:70@(" - @ 
1 0 M/2!N>F-R961I=%]O.R , - ,, B'@87-S:6=N("-0=71D; , D@8V]M;6$@( , "@(" , @ 
M/2!C;VUM85]0.R'-"B-@87-S:6=N("-O=71D; , D@;W!N;W!N('"@("'@/2!0 
M<&YO<&Y?;SL@#0H@X&%S<VEG;B'C;W5T9&QY(&]P;FUI<W,@( ,,, @(#T@;W!N 
M;6ES<U]Q.R'-"B-@87-S:6=N("-0=71D;'D@96]F<V]F('-@("'@/2!E;V9S 
M;V9?;SL@#0H@(&%S<VEG;B'C;W5T9&QY(&1S9&%T82 , @("'@(#T@9'-D871A 

1 5 M7V\[('T*("!A<W-I9VX@(V]U=&lL>2!0;&lP;W)T("-@(" - ](&QP<GA?;VQD 

M<&]R-#L@#0H@(&%S<VEG;B" C;W5T9&QY(')R9 , ER<F 1 Y(" 1 @(#T@<G)D>7)R 
M9'E?;SL@#0H@(&%S<VEG;B'C;W5T9&QY(&9R86UE<G@@("'@(#T@9G)A;65R 
M>%]Q.R--"B-@87-S:6=N("-0=71D;'D@9G)A;65T>" , @(" , @/2!F<F%M971X 
M7W$[#0H@(&%S<VEG;B'C;W5T9&QY(&QP8W)T<G@@("'@(#T@;'!C<G1R>%]Q 

2 0 M.PT*(" ! A<W-T9VX@(V]U=& 1 L>2 ! A8W1 I=F5T9'(@(" , ](&]T<G !?;W !N.PT* 

M("!A<W-T9VX@(V]U=&lL>2!V86QI9'lD<B'@( , "](&]T<G!?;6ES<SL-"B-@ 
M87-S:6=N("-0=71D;'D@<V]F:3(@( ,,, @(" , @/2!L< , )X7W-09C([CT*("!A 
M<W-I9VX@(V]U=&1L>2!L<&(@(" , @("'@(" , K&QP < GA?;'!B.PT*("!A<W-I 
M9VX@(V]U=&1L>2!L<&4@(" , @(" > @('"](&QP<GA?;'!E.R , -"B , @87-S:6=N 

2 5 M("-0=7 lDi'D^yoRiR' @(" ' @("' @/2 ! L<")X7 VUR: SL-"B ' @87-S:6=N("-0 

M=7 1 D;'D@; W!N(" ' @(" " @(" ' @/2 !L<')X7 V]P;CL@#OH@(&%S<VEG;B' C; W5T 
M9&Q Y(&]P;G(@('" @("" @(#T@;'! R>%]0<&YR.R , -"B' @87-S:6=N("-07 1 D 
M;'D@<F9I:6 1 L92' @(" ' @/2 !R9FEI9&QE7W$[f T*(" ! A<W-I9VX@(V]U=& 1 L 
M>2!P<FEM='EP92 , @("1('L@9FEL;#)?9"P@9FEL;#-?9"!].PT*("!A<W-I 

3 0 M9VX@(V]U=&lL>2!L:7!G96X@("-@("-](&QK&=E;E]O.R"-"B'@87-S:6=N 

M(' , -O=71D; , D@;W!N7W-M<&QX('"@/2!O<&Y?<VUP;A?;SL@#0H@(&%S<VEG 
M;B'C;W5T9&QY('lO:V5N7VAO;&0@(#T@=&]K96Y?:&]L9%]O.R'-"B'@87-S 
M:6=N("-0=7 1 D;'D@;&]0<%]I;FET7V 1 0;F4@/2 ! L; V]P7VEN:7 1 ?9&]N95]Q 
M.PT*#OH-"B' @9G5N8 Wl I; VX@6SDZ,%T@<F1 Y9V5N7V8[#0H@("' @:6YP=70@ 
35 M("'@6S$Z,%T@8VYT.PT*("'@(&EN< , 5T( , "@(%LY.C!=(&AA8VM?8VAA<CL- 
M"@T*(" , @(&)E9VEN#OH@('"@("!C87-E("AC;G01CT*("-@(" , @("-R)V(P 
M,#H@( , )D>6=E;E]F(#T@8SLR.%\U;CL-"B - @( , "@(" , @ ? B=B,#$Z("!R9 , EG 
M96Y?9B-](&AA8VM?8VAA<CL-"B'@("'@("-@,B=B,3-Z("!R9'EG96Y?9B] 
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M(&!$,3!?,CL-"B - @('"@( , "@,B=B,3SZ("!R9*EG96Y?9B , ](&!$,3!?,CL- 
M"B , @('"@('"@9&5F875L=#H@(')D>6=E;E]F(#T@,3 - G8GAX> , AX>'AX>'@[ 
M#0H@('"@("!E;F1C87-E#0H@(" , @96YD#0H@(&5N9&9U;F-T:6]N#0H- ,, @T* 
M("!F=6YC=&EO;B!;.3HP72!P<FEM9V5N7V8[#0H@("'@:6YP=70@(" , @6S$Z 
5 M,%T@8VYT.PT*("'@(&EN<'5T('-@(%LS.3HP72!W;W)D.PT*#0H@('"@8F5G 
M:6X- ,, B'@(" , @(&-A<V4@*&-N= , 'D@#0H@("-@("-@(#(G8C , P.B-@<')I;6==E 
M;E]F(#T@=V]R9%LS.3HS,%T[#0H@('"@(" , @(#(G8C , Q.B'@<')I;6=E;E]F 
M(#T@=V]R9%LR.3HR,%T[#0H@(" , @(' r @(#(G8C$P.B , @<')I;6=E;E]F(#T@ 
M=V]R9%LQ.3HQ,%T[#0H@( , "@("'@(#(G8C$Q.B'@<')I;6=E;E]F(#T@=V]R 
10 M9%L@3H@,%T[#0H@,(' , '@X" , @X&1E9F%U;'0Z(''!P<FEM9V5N7V8@/2'Q ; I '=B 
M> , AX>'AX>AX>#L-"B-@( , -@(&5N9&-A<V4-"B , @("!E;F0-"B , @96YD9G5N 
M8WlI;VX-"@T*#0H@(&9U;F-T:6]N(%LY.C!=(&-L<V=E;E]F.PT*(' r @(&EN 
M<'5T(' ,, @(%LQ.C!=(&-N=#L- ,, @T*("'@(&)E9VEN#0H@("'@("!C87-E("AC 
M;G0If T*(" ' @("' @("'R) V(P,#H@(&-L< V=E;E]F(#T@8$LR.%\U;CL- M B , @ 

1 5 M(" , @(" , @,B=B,#SZ("!C;'-G96Y?9B J(&!$-5\T<#L-"B-@("~@("'@,B=B 

M,3 , Z("!C;'-G96Y?9B , ](&!$,C%?-3L-"B'@("-@("'@ ) B=B,3$Z("!C;'-G 
M96Y?9B , ](&!$,C%?-3L-"B'@("'@(" > @9&5F875L=#H@(&-L<V=E;E]F(#T@ 
M,3-G8GAX>AX>'AX> , @[#0H@('"@("!E;F1C87-E#0H@X'"@96YD#0H@(&5N 
M9&9U;F-T:6]N#0H-"@T*("!F=6YC=&EO;B!;.3HP72!A<F)G96Y?9CL-"B , @ 

2 0 M("!I;G!U=" , @("!;,3HP72!C;G0[#OH@(" , @:6YP=7O@("-@6SDZ > %T@86QP 

M83L- M @T*(' ,, @(&)E9VEN#0FI@X"'@( , '!C87-E("AC;G0I('T*(" , @(' ,, @("'R 
M)V(P,#H@(&%R8F=E;E]F(#T@8$LR.%\U;CL-"B'@("-@("-@,B=B,#$Z("!A 
M<F)G96Y?9B , ](&!$,C!?- , '[«0H@("-@('"@(#(G8C$P.B'@87)B9V5N7V8@ 
M/2 !A;'!A.PT*("'@(' r @("' R)V(Q,3H@(&%R8F=E;E]F(#T@86QP83L-"B'@ 
2 5 M(" , @(-@9&5F875L=#H@.(&%R8F=E;E]F(#T@,3'G8GAX> , AX> , AX>'@[#0H@ 
M("-@("!E;F1C87-E#OH@(" , @96YD#OH@(&5N9&9U;F-T:6]N#OH-"@T*("!F 
M=6YC=&EO;B!;.3HP72!M=7@T7S$P7V8[#0H@(" , @:6YP=70@6SDZ,%T@9# , [ 
M#OH@(' r @:6YP=7O@6SDZ,%T@9#$[#0H@("'@:6YP=-7O@6SDZ,%T@9#([#0H@ 
M("'@:6YP=70@6SDZ,%T@9#,[#OH@( , "@:6YP=70@6S$Z,%T@<SL-"@T*(" , @ 
3 0 M(&)E9 VEN#0H@(" ' @(" ! C87-E("AS*2" -"B"@("'@(" ' @,B=B,#'Z("' @(&UU 
M>#1?,3!?9B'](&0P.PT*(" , @("'@("'R)V(P ) 3H@("-@;75X-%\Q,%]F(#T@ 
M9#$[#0H@("-@("'@(#(G8C$P.B'@("!M=7@T7S$P7V8@/2!D,CL-"B-@("'@ 
M("-@,B=B,3$Z("-@(&UU>#1?,3!?9B'](&0S.PT*("'@("'@("!D969A=6QT 
MB-@;15X-%\Q,%]F(#J@,yG8GAX>'AX>'AX>W#0H@C'@("^lCS7-E 



3 5 M#0H@(" , @96YD#0H@(&5N9&9U;F-T:6]N#0H@#OH-"B'@86QW87ES($'H<&]S 
M961G92!C;&LI#0H@(&)E9VEN#0H@C"@:68@*')S=%]H=6(I(&)E9VEN(T* 
M('" @(" ' @<FUT9VYT7W$@/#T@,2=B,#L-"B " @("' @('-R8 VQO; W! ?<2' V2 ' Q 
M)V(P.PT*(" , @('-@<F-V;6]D95]Q(#P](#$G8C , [#0H@(" , @("!D<W)X9&-L 
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M<U]Q(#P](#$G8C - [#0H@("'@("!B8W-T7W!R;6)L7W$@/#T@,2=B,#L-"B-@ 
M("'@(&)C<W1?<F5L7W$@/#T@,2=B ! #L-"B'@("-@(&QP<VU?<')V7V)R9&-S 
M=%]Q(#P](#$G8C'[#0H@('-@("!G8VQS961?<2-V2 , Q)V(P.PT*("'@("'@ 
M:&]L9&-L<U]Q(#P](#$G8C , [#0H@('"@("!H;VQD;W!N7W$@/#T@,2=B,#L- 

5 M"B-@("'@(&A0;&10<&YR7WS@/#T@,2=B,#L-"B-@(" , @('1X<&-L<U]Q(#P] 
M(#$G8C-t#OH@('"@("!R>&lN>6-L<U]Q(#P](#$G8C , [#OH@( , "@("!A<F)I 
M;G1V;%]Q(#P](#SG8C , [#0H@( ,,, @("!A8V-E<W-?<2'@(#P](#$G8C$[#0H@ 
M( l "@("!B;&MS;5]Q(' r @(#P](#$G8C , [#OH@("-@("!B;&MS;3%?<2-@("'\ 
M/2 , Q)V(P.PT*(" , @("'@<W)C7WIE<F]S7WSV2"Q)V(P.PT*("'@(&5N9"!E 
1 0 M; , -E(&)E9VEN#0H@("'@("!S<F-?>F5R;W-?<3P]( , -R8U]Z97)O<U]D.PT* 

M(" , @(" , @<FUT9VYT7W$@/#T@<FUT9VYT7V0[#0H@(" , @("!S<F-L;V]P7W$@ 
M/#T@<W)C;&]0<%]D.PT*('"@('-@<F-V;6]D95]Q(#PJ(')C=FU09&5?9#L- 

. M"B , @(" , @(&1S<GAD8VQS7W$@/#T@9'-R>&1C; , -?9#L-"B'@(" , @(&)C<W1? 
M<')M8FQ?<2'V2!B8W-T7W!R;6)L7V0[#0H@("-@("!B8W-T7W)E;%]Q(#P] 

1 5 M(&)C<W1?<F5L7V0[#0H@(" , @("!L<'-M7W!R=E]B<F1C<W1?<2'V2!L<'-M 

M7W!R=E]B<F 1 C< W 1 ?9#L-"B' @(" ' @(&=C;*-E9%]Q(#P](&=C;'-E9%]D.PT* 
M( ,, '@(" , @:&]L9&-L<U]Q(#P](&AO;&1C;'-?9#L-"B , @(" , @(&AO;&10<&Y? 
M<2 , V2!H;VQD;W!N7V0[#0H@(""@("!H;VQD;W!N<E]Q(#P](&AO;&lO<&YR 
M7V0[#0H@(" , @("!T> , !C;'-?<2 , V2!T>'!C; , -?9#L-"B'@( ,, '@(')X9&YY 

2 0 M8VQS7W$@/#T@<GAD;GEC; , -?9#L-"B'@( , -@(&%R8FEN='9L7W$@/#T@87)B 

M:6YT=FQ?9#L-"B@(" , @(&%C8V5S<U]Q(" - @/#T@86-C97-S7V0[#0H@(' r @ 
M( , MB;&MS;5]Q("-@(#P](&)L:W-M7V0[#0H@(""@( ,, !B;&MS;3%?<2 , @(#P] 
M(&)L:W-M,5]D.PT*(" , @(&5N9T*#0H-"B - @("!I9B , H<G-T7W!A;FEC*2!B 
M96=I;@T*(" , @(" " @=V%I=&-L<U]Q(#P](#,G8C'P,#L-"B'@("!E;F0@96QS 
25 M92!B96=I;@,T*(" @( ,,, @=V%I=&-L<U]Q(#P]('=A:71C; , -?9#L-"B'@("!E 
M;F0-"B'-"@T*("-@(&EF("AR<W0T(&)E9VEN(T*("'@("-@86Q19VYC;G1? 
M<2'V2 - R)V(P,#L-"B , @(" , @(&%L:6-N97)R7W$@ / /#T@,2=B,#L-"B'@("-@ 
M(&%L<&r?<2'@(' ,- @/#T@,3'G8CT,#T,#'P,# - [#0H@( ,,, @("!A;'!S7W$@ 
M('"@(#P](#$P)V(P,#-P,#'P,#T.PT*( , "@( , "@86QP9&1S7W$@(-V2-Q 

3 0 M,"=B,#" P,#" P,#'P,#L-"B ' @(" ' @(& 1 S=' AO<&Y?<2' @/#T@,2=B,#L-"B' @ 

M(" , @( , -Y;6-N=%]Q(#P](#(G8C'P.PT*('"@( , "@<WEM8\'YT7W1X:7W$@/#T@ 
M,B=B,#'[#0H@("-@("!T>')D7WS@( , "V2'Q)V(P.PT*(" , @("'@='AW<E]Q 
M("-@/#T@,2=B,#L-"B'@("'@(«&9W8VYT7W$@/#T@,B=B,#-[#0H@("-@("!F 
M=V-N=%]L<%]Q(#P](#(G8C'P.PT*("'@('-@<GAF:6QL7W$@/#T@,2=B,#L- 
3 5 M"B'@("'@(&UY87)B,%]Q(#P](#$G8C' [#0H@("'@("!M>5]M87)K7W$@/#T@ 
M,2=B,#L-"B , @("-@(&]P;E]Q(#P](#$G8C[#0H@(" , @("!D:&1?<2-V2 , Q 
M)V(P.PT*(" 1 @(" ' @<G)D>5]Q(#P](#$G8C- [#0H@(" -@(" !R;7 1 R97%?<2A 
M/2'Q)V(P.PT*("'@('"@:&ET7V%L<&%?<2-V2-Q)V(P.PT*(" , @("-@=AP 
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M<-G)D>5]Q(#P](#$G8C-[#0H@("-@("!B<%]C86UR97%?<2'V2-Q)V(P.PT* 
M(" , @(" , @<G)D>7)E9U]Q(#P](#$G8C , [#0H@("'@("!E;V9R96=?<2 , V2 - Q 
M)V(P.PT*("-@('"@9G)A;65R>%]Q(#P](#$G8C , [#0H@("'@("!F<F%M971X 
M7W$@/#T@,2=B,#L-"B - @X"'@(&QP8W)T<GA?<2-V2 , Q)V(P.PT*( , "@("'@ 
5 M8GEP:6YS97)T7W$@/#T@,2=B,#L-"B@("-@(&)Y<&%S<U]Q(#P](#$G8C'[ 
M#0II@("'@("!P87)L;V]P7W$@/#T@,2=B,#L-"B , @(" , @( , -W:71C:%]R97%? 
M<2'V2-Q)V(Q.PT*( , -@("@;&]C:U]R97%?<2-V2'Q)V(Q.PT*("-@('-@ 
M<&%N:6-?:6Y?<2 , @(#P](#$G8C'[#0H@C"@("!R9FEI9&QE7W$@('"V2'Q 
M)V(P.PT*("@("'@<F9I9FEL;%]Q('"@/#T@,2=B,#L-"B'@('-@('-N9%]P 
10 M<FEM7W$@(" , V2-Q)V(P.PT*(" , @("-@<GAC;'-?<2'V2'Q)V(P.PT*("-@ 
M(" , @;&]0<%]I;FET7V10;F5?<2-V2-Q)V(P.PT*("'@('-@;'!S;5]H=6)M 
M;VlE7W$@/#T@,2=B,3L-"B-@("!E;F0@96QS92!B96=I;@T*("-@("-@86QI 
M9VYC;G1?<2V2!A;&EG;F-N=%]D.PT*("-@('"@86QI9VYE<G)?<2*V2!A 
M;&EG;F5R<E]D.PT*( , "@("-@86QP9%]Q(-@( ,,, V2!A;'!D7V0[#0H@("'@ 

1 5 M(' , !A; , !S7W$@('-@(#P](«&%L< , -?9#L-"B'@("-@(&%L<&lD<U]Q("-@/#T@ 

M86QP9& 1 S7 V0[#0H@(" ' @("! D<W IX; W!N7 W$@(#P](& 1 S='AO<&Y?9#L-"B' @ 
M(" , @('-Y;6-N=%]Q(#P]('-Y;6-N=%]D.PT*("-@("-@<WEM8VYT7WlX7W$@ 
M/#T@< WEM8 VYT7 W 1 X7 V0[#0H@("' @(" !T>')D7 W$@(" " V2 !T>')D7VO[#0H@ 
M(" , @("!T> , =R7W$@( , "V2!T>'=R7V0[#0H@(" , @("!F=V-N=%]Q(#P](&9W 

2 0 M8VYT7V0[#0H@ / ('"@("!F=V-N=%]L<%]Q(#P](&9W8VYT7VQP7V0[#0H@( , "@ 

M(''!R>&9I;&Q?<2 - V2!R>&9I;&Q?9#L- ,, B'@("'@(&UY87)B,%]Q(#P](&UY 
M87)B,%]D.PT*("'@("'@;7E?;6%R:U10(#PK&UY7VUA<FM?9#L-''B-@("'@ 
M(&]P;E]Q(#P](«&]P;E]D.PT*(" - @(" , @9&AD7W$@/#T@9&AD7V0[#0H@(" , @ 
M("!R<F1Y7W$@/#T@<G)D>5]D.PT*( , "@(' ,, @<FUT<F5Q7W$@/#T@<FUT<F5Q 

2 5 M7V0[#0H@(" , @("!H:71?86QP85]Q(#PK&AI=%]A; , !A7V0t#0H@("'@("!T 

M>'!R<F1Y7W$@/#T@='AP<G)D>5]D.PT*('"@(""@8G!?8V%M<F5Q7W$@/#T@ 
M8G!?8V%M<F5Q7V0[#0H@(""@("!R<F1Y<F5G7W$@/#T@<G)D>7)E9U]D.PT* 
M(" , @("'@96]F<F5G7W$@/#T@561F<F5G7V0[#0H@("'@("!F<F%M97)X7W$@ 
M/#T@9G)A;65R>%]D.PT*("'@( ,r @9G)A;65T>%]Q(#P](&9R86UE=A?9#L- 

3 0 M"B - @('"@C&QP8W)T<GA?<2 - V2!L<&-R= , )X7V0[#0H@( ,r @("!B>7!I;G-E 

M<G1V<2'V2!B>7!1;G-E<G1?9#L-"B-@("'@(&)Y<&%S<U]Q(#P](&)Y<&%S 
M<U]D.PT*C"@( , "@<&%R;&]0<%]Q(#P]( , !A<FQO;W!?9#L-"B , @(" , @( , -W 
M:7 1 C:%]R97%?<2- V2 ! S=VET8 V A?<F5Q7VO[#0H@('" @(" !L; V-K7W)E<5]Q 
M(#P](&QO8VM?<F5Q7V0[#0H@("'@("!P86Y18U]I;E]Q( ,n @(#P]( , !A;FEC 
3 5 M7VEN7V0[#0H@("-@("!R9FEI9&QE7W$@("-V2!R9FEI9&QE7V0[#0H@("'@ 
M("!R9FEF:6QL7W$@("'V2!R9FEF:6QL7V0[#0H@(" , @("!S;F1?<')I;5]Q 
M(#P]('-N9%]P<FEM7V0[#0H@("@("!R>&-L<U]Q(#P](')X8VQS7V0[#0H@ 
M('"@("!L;V]P7VEN:71?9&]N95]Q(#P](&QO;W!?:6YI=%]D;VYE7V0[#0H@ 



US 2003/0108061 Al 



94 



Jun. 12, 2003 



PATENT 

M("-@("!L<'-M7VAU8FU09&5?<2 , V2!L< , -M7VAU8FU09&5?9#L-"B , @("!E 
M;F0-"@T*('-@(&9I;&PP7W$@(" , @/#T@9FEL;#!79#L-"B-@("!F:6QL,5]Q 
M(" , @(#P](&9I;&PQ7V0[#0H@( ,, '@9FEL;#)?<2-@("-V2!F:6QL,E]D.PT* 
M("-@(&9I;&PS7W$@("'@/#T@9FEL;#-?9#L-"@T*("-@(')X7W!R:6U?<2-@ 
5 M/#T@<GA?<')I;5]D.PT*(" , @('1X7V1A=&%?<2'@/#T@='A?9&%T85]D.PT* 
M#0H@("-@;&-L;W!N7W$@("-V2!L8VQO<&Y?9#L-"@T*('-@(&QC;'lX8VQS 
M7W$@/#T@;&-L='AC;'-?9#L-"B , @("!L8VQR>&-L<U]Q(#P](&QC;')X8VQS 
M7V0[#0H@("'@;&-L9&YY7W$@('"V2!L8VQD;GE?9#L-"B , @("!O<&YL8VQ? 
M<2 , @(#P](&]P;FQC;%]D.PT*(" , @(&]P;G)M=%]Q( , "@/#T@;W!N<FUT7V0[ 
1 0 M#0H-"B'@("!L:79E;&EP7W$@(#P](&QI=F5L:7!?9#L-"B , @("!O<&YM:7-S 

M7W$@(#P](&]P;FUI<W-?9#L-' , @T*( , '•@(&-A;7=R7W$@( , '•@/#T@8V%M=W) , ? 
M9#L-"@T*("!E;F0-"@T*96YD;6]D=6QE#0H-"B\O*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*@T**BHJ*BH-"B\0($YA;64Z(" , @C"@(" , @( , !B=7,N=@T* 

1 5 M+R\@OV]M<&%N>3H@('"@(" , @1T%$6D]/6"!.15173U)+4R!)3D,N#OHO+R'@ 

Ml&5S8W)I<'lI;VXZ#0HO+R - @4')O=&]C,VP@8G5S(&-O;GlR;VP@;&]G:6,N 
M#0HO+R!R979I<VEO;B!B+"!R."XQ#0HO+RHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ*BHJ 
M*BHJ*BH-"BHJ*BHJ#0H-"F!T:6UE<V-A;&4@,2!N<RO(#$P('!S#0H-"F!I 

2 0 M;F-L=61E(")C;VUM;VXN=B(-"@T*;6]D=6QE('!B=7,@* , T*("!C;&LL#0H@ 

M(')S="P-"B , @:'5B;6]D92P-"B , @<#!?:'5B8VAN;"P-"B'@<#%?:'5B8VAN 
. M;"P-"B , @<#)?:'5B8VAN;"P-"B , @<#!?8G!M87-K+ , T*("!P,5]B<&UA<VLL 
M#0H@( n R7V)P;6%S:RP-"B , @9FQU<VAB<"P-"B , @87)B7WlY<&4L#0H@('-C 
M8Fl?861D<BP-"B > @<&]R=%\P7VED+T*("!P;W)T7S%?:60L#0H@('!O<Gl? 

2 5 M,E]I9' , P-"B - @8G!?8V%M<F5Q+"T*("!B<%]C86UT>&OL#0H@( , !B9W)N=&DL 

M#0H@(' ! B9G)M:2P-"B- @<&)I9&QE:2P-"B' @<&)D:6XL#0H@(&)P7W 1 X<F5Q 
M+ , T*("!T>'!R:3'L#0H@('1X< , )I,2P-"B , @= , AP<FDR+T*("!B<%]T>&ED 
M;"P-"B , @8G!?<GAR97$L#0H@(&)P7W)X:61L+'T*("!B<#!?-AP:60L#0H@ 
M(&)P,5]T>'!I9"P-"B'@8G-R7W1X<&ED+'T*("!T>&QM87@P+T*("!T>&QM 

3 0 M87@Q+-T*("!T>&QM87@R+ , T*("!C;')D;V%C:RP-"B'@<V-B9%]D871A+ , T* 

M("!B<%]C86UW<BP-"B'@8G!?8V%M861R+-T*("!B<%]C86UD870L#0H@('!B 
M<F5Q;RP-"B-@<&)F<FUO+"T*("!P8FlA=&%0+'T*("!B<%]R>«fe%C:RP-"B"@ 
M8G!?<GAI9&QA8VLL#0H@(&)P7W1X86-K+ , T*("!B<%]T>&ED;&%C:RP-"B , @ 
M8G!?<GAP8F%C:RP-"B , @8G!?='AP8F%C:RP-"B , @8G!?=AD;GDL#0H@(&)P 
3 5 M7V-A;6%C:RP-"B'@8G!C:%]Q=6EE="P-"@T*("!P;&ES=&5N+'T*("!B<#!? 
M<GAP:60L#0H@(&)P,5]R>'!I9"P-"B@8G-R7W)X<&ED+-T*("!B<%]R>&YE 
M>'0L#0H@(&)P7W)X;F5X=&%C:RP-"B-@8G!?<GAF=6QL+'T*("!B<%]R>&5M 
M<'1Y+T*"0D)('T*("!C;')D;RP-"B - @<F-H,"P-"B'@<F-H,2P-"B'@<F-H 
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PATENT 



M,BP-"B'@<F-H=FQD+ > T*("!R8VA?;&]A9"P-"B'@=&-H ) "P-"B , @=&-H > 2P- 
M"B'@=&-H,BP-"B - @=&-H=FQD+T*("!T8VA?;&]A9"P-"B , @8V]N;F5C=&5D 
M+'T*("!KW)X+'T*("!O<V5L7VQO860L#0H@(&]S96Q?,"P-"B , @;W-E;%\Q 
M+'T*("! O<V5L7S(L#0H@(&] S96Q?,RP-"B' @; W-E;%\T+" T*(" !0<V5L7S4L 
5 M#0H@(&]S96Q?-BP-"B'@;W-E;%\W+-T*("!O<V5L7S@L#0H@(&]S96Q?.2P- 
M"B , @;W-E;%\Q,"P-"B'@;W-E;%\Q,2P- ,, B-@;W-E;%\Q,BP-"B'@;W-E;%\Q 
M,PT**3L-"@T*("!P87)A;65T97(@;W5T9&QY(#T@ ) "XQ,# , [#0H@#0H@(&EN 
M< , 5T(-@("'@("'@(" , @(" , @8VQK.R'@(-@("-@CT*("!I;G!U= , "@C , '@ 
M("-@("'@("-@XOS=#L@X H '@X" , @i"'-''B'@:6YP=70@(%LR.C!=("'@("-@ 
10 M("!H=6)M;VIE.R'@("-@#0H@(&EN<'5Tr!;,SHP72'@( , -@("-@<#!?: , 5B 
M8VAN;#L@(T*("!I;G!U="'@6S,Z,%T@C"@("-@("Q7VAU8F-H;FP[("'- 
M"B < @:6YP=70@(%LS.C!=(" 1 @(" ' @(" ! P,E]H=6)C :&YL.R' @#0H@(&EN<'5T 
M("!;,3 ) Z,%T@(" , @("-@<#!?8G!M87-K.R , @CT*r!I;G!U- , "@6S$S.C!= 
M(" , @("'@("Q7V)P;6%S:SL@( ,,- -"B'@:6YP=70@(%LQ,SHP72-@('"@("!P 
1 5 M,E]B<&UA<VL[('"@#0H@(&EN< , 5T("!; > 3 > Z > %T@(" , @( , "@9FQU<VAB<#L@ 
M("'@(T*(''!I;G!U='' , @( , ''@X , ''@('' , @('' , @(&°/oR8E]T>7!E.R , @(" , -"B , @ 
M:6YP=70@(%LS.C!=( , -@("-@("!S8V)D7V%D9'([("-@#0H@(«&EN< , 5T("!; 
M-3HP72 > @('-@( , "@<&]R=%\P7VED.R , @CT*("!I;G!U= , "@6S4Z,%T@("'@ 
M(" , @(MO<G1?,5]I9#L@("--"B'@:6YP=70@(%LU.C!=( , '"@(''"@("!P;W)T 



2 0 M7S)?:60[(" @#0H@(&EN< , 5T("!;,CHP72'@("'@(" , @8G!?8V%M<F5Q.R , @ 
MCT*("!T;G!U='"@6S8Z,%T@(" , @(" , @(&)P7V-A;71X9#L@("'-"B-@:6YP 
M=70@(' r @("'@( , ''@( , ''@( , MP8F=R;GlI.R , @(" , @#0H@(&EN<VST( M -@( , '-@ 
M('''@("'@( , ' > @<&)F<FUI.R'@(" , @( - T*( , VI;G!U=" , @( ,, '@X ,, '@("*@("^ 
M('!B:61L96D[(" > @(" , -"B , @:6YP=70@(%LQ-SHP72 , @(" , @("!P8F1I;CL@ 

2 5 M('-@("'@#0H@.(&EN<'5T("!;,CHP72'@("-@("-@8G!?=AR97$[("-@CT* 

M("!I;G!U=" , @6S$Z,%T@(" , @(" , @('1X<')I,#L@('"@( , "-"B-@:6YP=70@ 
M(%LQ.C!=(" , @("-(S)("!T> , !R:3$[("-@(" , @#0II@(&EN< , 5T("!;,3HP72'@ 
M("' @('"@= AP<FDR.R > @('" @(T*(" !I;G!U=- @6S(Z,%T@("- @('" @(&)P 
M7W1X:61L.R , @(" , -"B'@:6YP=70@(%LR.C!=("'@( , "@("!B<%]R>')E<3L@ 
30 M(" , @#0H@(&EN<'5T("!; J CHP72'@(" , @("'@8G!?<GAI9&P[( , "@('T*("!I 
M;G!U-"-@6S4Z,%T@( , "@('"@(&)P,%]T>'!I9#L@("'-"B'@:6YP=70@(%LU 
M.C!K'' , @( , ''@(''!B < #%' ;=, AP:60[('' - @#OH@(&EN< , 5T("!;-3HP72'@("-@ 
M("'@8G'R7WlX<&ED.R , @( , T*("!I;G!U="'@6S(Z,%T@X" , @(' r @('lX;&UA 
M>#'[('"@("'-"B-@:6YP=70@(%LR.C!=(" , @("'@("!T>«&QM87@Q.R-@("-@ 

3 5 M#0H@(&EN<'5T("!;,CHP72-@("-@(" , @='AL;6%X,CL@(" , @( , T*("!I;G!U 

M="'@6S$S.C!=("'@(" , @(&-L<FlO86-K.R'@("--"B'@:6YP-70@(%LR.C!= 
M("'@("'@('MP;&ES=&5N.R-@("-@#0H@(&EN<'5T("!;,CHP72-@('' , @(" , @ 
M8G!?<GAN97AT.R'@CT*("!I;G!U="'@6S$S.C!=(' n @(" , @(&) I>8VA?<751 
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M970[(" , -"@T*("!O=71P=70@6S > Q.C!=("*@(""@('-C8Fl?9&%T83L@("'- 
M''B-@;W5T<'5T( , '-@("-@("-@("-@("!B<%]C86UW<CL@("'@#0H@(&]U='!U 
M="!;-CHP72'@(" , @(" , @8G!?8V%M861R.R < @( > T*("!O=71P=70@6S8Z,%T@ 
M(""@(" , @(«&)P7V-A;61A=#L@(" , -"B-@;W5T<'5T( ,, '@(" , @("'@(" , @("!P 
5 M8G)E<6\[("'@('"@#0H@(&]U='!U= , -@( , -@(-@("-@(-@<&)F<FUO.R'@ 
M(" , @CT*(''!O=71P=70@6S$W.C!=(" , @( ,, '@( , !B9&%T86\[(" , @(" > -"B , @ 
M;W5T<'5T(%LR.C!=(" , @('"@("!B<%]R>&%C:SL@(" , @#0H@(&JU= , !U="!; 
M,CHP72'@("-@("'@8G!?<GAI9&QA8VL[CT*("!O=71P=70@6S(Z,%T@C"@ 
M("-@(&)P7WlX86-K.R'@("--"B'@;W5T<'5T(%LR.C!=(' r @('"@("!B<%]T 
1 0 M>&ED;&%C:SL@#OH@(&]tJ-!U="!;,CHP72"@(" - @( ,,- @8G!?<GAP8F%C:SL@ 
M(T*("!O=71P=70@6S(Z,%T@("'@(" , @(&)P7WlX<&)A8VL[("'-"B'@;W5T 
M<'5T(%LR.C!=(" , @(" , @("!B<%]T>&1N>3L@( ,,1 @#0H@(&]U='!U="!;,CHP 
M72'@("'@( M '@8G!?8V%M86-K.R-@CT*('*!O=71P=70@6S4Z,%T@( , "@(" , @ 
M(&)P,%]R>' ! 19#L@("" -"B ' @; W5T<'5T(%LU .C !=("' @(" " @(" ! B<#%?<GAP 

1 5 M:60[(" , @#0H@(&]U='!U="!;-3HP72 , @(" , @(" , @8G , R7W)X<&ED.R'@CT* 

M(" ! 0=7 1 P=70@6S(Z,%T@(" ' @(" ' @(&)P7W)X9G5L;#L@("'-"B' @; W5T<'5T 
M(%LR.C!=("'@("'@("!B<%]R>&5M<'lY.R , @#0H@(&]U= , !U="!;,CHP72-@ 
M(" > @('"@8G!?<GAN97AT86-K.PT*("!O=71P=70@6S$S.C!=(" > @(" > @(&-L 
M<F10.R , @(""@("'-"B'@;W5T<'5T(%LS.C!=("'@("'@C"!R8V@P.R'@(""@ 

2 0 M(" , @#0H@ / (&]U='!U="!;,SHP72 , @(""@("'@<F-H,3L@( M, @('' , @ / ( , T*(''!O 

M=71P=70@6S,Z,%T@('' , @( ,, -@OC:#([("'@("~@("'-"B'@;W5T<'5T(%LR 
M.C!=("'@("'@("!R8VAV;&0[(" , @("'@#OH@(&]U='!U="!;,CHP72 , @(" , @ 
M(" , @<F-H7VQO860[(" , @( , T*("!O=71P=70@6S,Z,%T@("'@('"@('lC:# , [ 
M(" , @('"@(" < -"B , @;W5T<'5T(%LS.C!=("*@(" , @(''!T8V@Q.R-@("-@("'@ 

2 5 M#0H@(&]U= , !U= ,, !;,SIIP72'@(' ,, @('' , @=&-II,CL@(" , @(" , @CT*("!O=71P 

M=70@6S(Z,%T@(" ' @(" ' @C 1 C:'9L9#L@('- @(" ' -"B @; W5T<'5T(%LR.C != 
M(" , @("'@("!T8VA?;&]A9#L@('''@#0H@(&]U='!U="!;,3,Z,%T@("'@("'@ 
M8V]N;F5C=&5D.R'@('T*("!O=71P=70@6S$S.C!=("'@(" - @(&ES<G@[(""@ 
M(" , @(" , -"B'@;W5T< , 5T(%LQ,SHP72 , @( ,,, @("!O<V5L7VQO860[("'@#0H@ 

3 0 M(&]U=' !U=?" ! ;,CHP72 , @(" ' @(" ' @; W-E;%\P.R' @("' @(' T*(" ! 0=7 1 P=70@ 

M6S(Z,%T@("'@(" , @(&]S96Q?,3L@("'@(" - -"B'@;W5T< , 5T(%LR.C!=(" , @ 
M('"@("!O<V5L7S([(" , @C"@#0H@(&]U= , !U="!„CHP72 , @("-@("'@;W-E 
M;%\S.R - @(" - @('T*("!O=71P-70@6S(Z,%T@("-@("-@(&]S96Q?-#L@("~@ 
M("'-"B'@;W5T< , 5T(%LR.C!=(" - @(""@("!O<V5L7S4[(" , @(" , @#0H@(&]U 
3 5 M='!U="!;,CHP72'@("'@(" , @;W-E;%\V.R-@("-@(-T*("!O=71P=70@6S(Z 
M,%T@("'@("'@(&]S96Q?-SL@(" , @(" , -"B , @;W5T<'5T(%LR.C!=("-@("'@ 
M("!O<V5L7S@[('"@("'@#0H@(&]U='!U="!;,CHP72-@('"@("'@;W-E;%\Y 
M.R'@( , "@('T*("!C^71P=70@6S(Z > %T@('"@(-@(&]S96Q?,3 , [( ,, *@("'- 
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M"B'@;W5T<'5T(%LR.C!=(""@("'@("!O<V5L7S$Q.R'@(" - @#0H@(&]U='!U 
M="!;,CHP72-@("-@("'@;W-E;%\Q,CL@( , -@CT*("!O=71P=70@6S(Z,%T@ 
M(" ' @(" ' @(&]S96Q?,3,[(" ' @C" - ,, @T*#0H@('=KF4@(" ! ;,CHP72' @(" ' @ 
M("' @<F5Q7VU A=&-H.PT*(" ! W:7)E(" ' @6S(Z S %T@('" @(" ' @(')S<%]M87 1 C 
5 M:#L-"B - @=VER92 , @(%LQ,SHP72'@(" , @("!C:&YL7VUA=&-H.PT*("!W:7)E 
M(" , @X" , (2X" , @(' n («X''^^ 

M( ,, '@<V%W7W)S<#L-"B'@=VER92'@(""@(' ,- @(" , @(" - @("!S87=?:61L.PT* 
M('MW:7)E(" , @(" , @("'@("-@( ,, -@('-A=U]C86T[#0H@( , =I<F4@("-@("'@ 
M(" ' @(" ' @(" ' @<V%W7 W)M=%]R<W [#0H-"B ' @<&)U<U]D96-O9&4@55]00E]$ 
1 0 M14-/l$4@*"YR<W0H<G-T*2P@+G!B9G)M:2AP8F9R;6DI+ - T*("'@("-@("'@ 
M("'@( , ^@("'@("'@('' , @(" , @+G)E<5]I9"AP8F1I;EM@0DE47U!"7U)%45TI 
M+'T*(" , @('"@("'@(" , @(" , @( , "@( M '@(" , @C"@+G)S<%]I9"AP8F1I;EM@ 
M0DE47U! "7U)34%TI+ ' T*(" ' @(" ' @('" @(" ' @(" ' @(" ' @(" ' @(" ' @C" @+F-H 
M;FQ?:60H<&)D:6Y;8$))5%]00E]#2$%.72DL#0H@("'@("'@("'@(" - @( , "@ 

1 5 M( , "@("-@("-@( , -N9G)M7WlY<"AP8FlI;EM@0DE47U!"7U194%TI+"T*('"@ 

M('' > @(" < @(' n @(' r @("'@("'@X"'@X""@+F9R;5]E> , 0H<&)D:6Y;8$))5%]0 
M0E]%6%l=*2P- M B'@(' , -@("'@( , ''@( ,,- @("'@("'@("-@( n "@( M YP,%]I9"AP 
M;W)T7S!?:60T+'T*(" , @( M, @(" < @(" , @(" , @(" , @("'@(" , @("'@+G"Q7VED 
M* , !O<Gl? ! 5]I9"DL#0H@( , ' , @( M '@( ,, '@( ,, '@("'@(" l @( M '@("'@('' , N<#)? 

2 0 M:60H<&]R=%\R7VED*2P-"B - @("'@("'@( ,,- @(" - @(" - @(' ,, @( M, @('''@( h YR 

M97%?;6%T8V@H<F5Q7VUA=&-H*2P-"B , @(" , @(" , @(" , @("'@(" , @(" > @(" > @ 
M(" , @("YR<W!?;6%T8V@H<G-P7VUA=&-H*2P-"B , @(" , @( , "@("'@( , "@("'@ 
M('"@('"@(" , @("YC:&YL7V1IA=&-H*&-H;FQ?;6%T8V@T+ , T*(" , @( , "@(" , @ 
M(" ' @(" ' @(" ' @(" ' @("' @(" ' @+G-A=U]R97$H<V% W7W)E<2DL#0H@("' @(" ' @ 

2 5 M(" @(""@('''@(' ,- @("'@(" , @('''N<V%W7W)S<"AS87=?<G-P*2P-''B'@(' n @ 

M("'@("-@("'@("-@("-@("'@("-@('YS87=?:61L* , -A=U]I9&PI+'T*("-@ 
M( , ' , @("'@X"X^('''@X ,, @X ,P @('' , @("'@+G-A=U]C86TH<V%W7V-A;2DL#0H@ 
M("'@("-@(" , @( , '-@(" , @("'@( ,, '@(''"@("'N<V%W7W)M=%]R<W'H<V%W7W^^ 
M=%]R<W , I*3L-"@T*#0H@('=KF4@6S(Z,%T@<V%W7VUY<G-P.PT*("!W:7)E 
30 M(%LR.C!=('-A=U]M>6ED;#L-"B'@=VER92!;,CHP72!P;W)T8G!C;VYN.PT* 
M("!W:7)E(%LR.C!=(&%R8E]G;G0[#0H@('=KF4@6S(Z,%T@9G)M7W)E<3L- 
M"B'@=VER92!;,CHP72!F<FU?<G-P.PT*("!W:7)E(%LR.C!=(&9R;5]I9&P[ 
M#0H@('=KF4@6S(Z,%T@9G)M7 V-A;3L-"B - @=VER92 ! ;,CHP72 !R>&] S96P[ 
M#0H@('=I<F4@6S(Z,%T@='AO<V5L.PT*("!W:7)E(%LQ,SHP72!P,%]H=6)C 

3 5 M;VYN.PT*("!W:7)E(%LQ,SHP72!P,5]H=6)C;VYN.PT*("!W:7)E(%LQ,SHP 

M72!P,E]H=6)C;VYN.PT*("!W:7)E(%LQ,SHP72!P,%]H=6)D:7-C;VYN.PT* 
M("!W:7)E(%LQ J SHP72!P,5]H=6)D:7-C;VYN.PT*("!W:7)E(%LQ ) SHP72!P 
M,E]H=6)D:7-C;VYN.PT*("!W:7)E(%LQ,SHP72!R>&-O;FYA8VL[#0H@C=I 
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PATENT 



M<F4@6S$S.C ! =(' 1 X8 V]N;F%C: SL-"B" @=VER92 ! „3,Z,%T@<GAD:7-C; VYN 
M86-K.PT*("!W:7)E(%LQ,SHP72!T>&lKV-O;FYA8VL[#0H-"B'@<&)U<U]P 
M;W)T(%5?4$)?4#(@*"YP8F-L:RAC;&LI+ , "N<G-T* , )S="DL#0H@("'@("'@ 
M("'@("'@("'@("'@("'N<F5Q7VED*'!B9&EN6V!"251?4$)?4D5172DL#0H@ 
5 M( ,, '@(' , '@( , ''@(""@("'@("'@( ,, 'N8VAN;%]I9"AP8FlI;EM@0DE47U!"7T-( 
M04Y=*2P-"B , @(" , @(" , @( , "@(" , @(" - @("-@("YS87=?<F5Q*'-A=U]R97$I 
M+"'N<V%W7W)S<"AS87=?<G-P*2P-' I B'@X"'@(' ,, @(''~@(''~@(' ,, @(" , @(''YS 
M87=?: 6 1 L*'-A=U]I9&PI+"'N< V%W7W)M=%]R< W H<V%W7W)M=%]R<W'I+" T* 
M( , "@("-@( , "@(" - @( , "@(" - @(" - @+G)E<5]M871C:"AR97%?;6%T8VA;,ETI 
1 0 M+" N<G-P7VUA=&-H*')S<%]M871C:%LR72DL#0H@(" @("-@('"@('"@("'@ 
M("'@(" - N8G!?=AR97$H8G!?='AR97%;,ETI+" , N8G!?<GAR97$H8G!?<GAR 
M97%;,ETI+'T*(' , '@( ,, "@( ,,, @('°@(" , @(" , @(" - @+F)P7WlX:61L*&)P7WlX 
M:6 1 L6S)=*2P@+F)P7W)X: 6 1 L*&)P7W)X:6 1 L6S)=*2P-"B- @(" ' @('" @('" @ 
M("'@('"@("'@("YB<%]C86UR97$II8G!?8V%M<F5Q6S)=*2P@fF)P7W)X;F5X 

1 5 M="AB<%]R>&YE> , l;,ETI+ - T*(" , @(" - @("'@( , "@(" , @("'@(" - @+G)X8V]N 

M;F%C:RAR>&-0;FYA8VLI+" - N<GAD:7-C;VYN86-K*')X9&ES8V]N;F%C:RDL 
M#0H@( ,,- @("'@(" , @(" - @(" - @(" , @(" , N=*AC;VYN86-K* , lX8V]N;F%C:RDL 
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M;FY„%TI+ , T*C"@('"@("'@("-@( ,, '@(" , @("-@("YR>&]S96PH<GAO<V5L 

2 0 M*2P@+GlX;W-E;"AT>&]S96PI+-T*("-@("-@(" , @(" , @("-@( , -@( , -@("YD 

M:7-C;VYN*&1I<V-0;FY;,%TI+'T*C"@C"@(" , @(" , @("-@(" , @(" , @( I, YI 
M<W)X*&ES<GA; ) %TI+ , *'N;W-E;"AO<V5L7S , I+T*('"@('"@("'@("-@(" , @ 
M("'@(" , @("YO<V5L7VQO860H;W-E;%]L;V%D6S!-=*2P-"B , @(" , @("-@(" , @ 
M("'@("'@("-@(" , N<GAC;VYN86-K* , )X8V]N;F%e:ULP72DL(T*+GlX8V]N 

2 5 M;F%C:RAT>&-0;FYA8 VM;,%TI+T*('- @("' @('" @(" ' @(" ' @("" @("'@("YR 

M>&lI<V-0;FYA8VLH<GAD:7-C;VYN86-K6S!=*2P-"B'@("'@(" - @( , "@('"@ 
M("'@( , "@("'N= , AD:7-C;VYN86-K*'lX9&ES8V]N;F%C:ULP72DL#0H@("-@ 
M(" , @(" , @X"'@X"\§r'@("'@/ f F-0;FYE8WlE9'AC;VYN96-T961;,%TI + 'T* 
M('''@("'@("'@(''X^('''@('''@('''@('' Y S8V]R96)087)D*&-H7W-C8F1;,%TI 

3 0 M*3L-"@T*("!P8G5S7V-H;FP@55]00E]#,#$@*"YP8F-L:RAC;&LH-"-N<G-T 

M* , )S="DL#0H@("'@("-@("'@("'@( , "@(-@("-@+G-A=U]R;71?<G-P*'-A 
M=U]R;71 ?<G-P*2P@+G- A=U]I9&PH<V%W7 VED;"DL#0H@("' @(" ' @C @(" ' @ 
M("'@("'@(" , @+F-H;FQ?;6%T8V@H8VAN;%]M87aC:%LQ72DL#0H@(" , @(" , @ 
M("'@('"@("-@("'@(" , @+G%U:65T*&)P8VA?<75I971; ; 5TI+" - N8VQR9&\H 
3 5 M8VQR9&]?<5LQ72DL#0H@("'@('"@(' ,, @(""@('"@(""@(""@+G)X8V]N;BAR 
M>&-O;FY;,5TI+"-N=AC;VYN*'lX8V]N;ELQ72DL#0H@(" , @( , "@C"@(" , @ 
M(" , @("'@("-@+G)X;W-E;"AR>&]S96PI+ , -N='AO<iV5L* , lX;W-E;"DL#0H@ 
M("' @(" ' @("' @(" ' @C" @(" " @(" " @+F 1 KV-O;FXH9&ES8V]N;ELQ72DL#0H@ 
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PATENT 



MC@("'@C @("'@C@C @("'@+FES<G@H:7-R>%LQ72DL("YO<V5L*&]S 
M96Q?,2DL#0H@("@( l, -@("-@("-@("'@("-@('-@+F]S96Q?;&]A9"AO<V5L 
M7VQ0861„5TI+'T*('"@C"@( , "@("'@("'@(" , @(" , @("YR>&-0;FYA8VLH 
M<GAC;VYN86-K6S%=*2P@#0HN='AC;VYN86-K*'1X8V]N;F%C:ULQ72DL#0H@ 
5 M("-@(" - @( ,r @(""@(" , @(" , @("'@+G)X9&ES8V]N;F%C:RAR>&ll<V-0;FYA 
M8VM;,5TI+-T*(" , @(" , @C ,, @("-@( , -@( , "@("'@("YT>&lKV-0;FYA8VLH 
M=AD:7-C;VYN86-K6S%=*2P-"B'@( , "@( , "@("-@("-@( , "@C"@C"N8V]N 
M;F50&5D*&-0;FYE8 W 1 E9%LQ72DL#0H@C" @(" ' @C @(" ' @C" @C" @C" @ 
M+G-C;W)E8F]A<F0H8VA?<V-B9%LQ72DI.PT*#0H@('!B=7-?8VAN;"!57U!" 
1 0 M7T,P,B'II+G!B8VQK*&-L:RDL("YR<W0H<G-T*2P-"B-@( , "@("'@(" , @("-@ 

M("'@( n '@('''N<V%W7W)M=%]R<W'H<V%W7W)M=%]R<W , I+"'N<V%W7VED;"AS 
M87=?:61L*2P-"B'@("-@(" , @r@(" , @r@(" , @(" - N8VAN;%]M871C:"AC 
M:&YL7WA=&-H6S)=*2P- ,, B'@X''"@( , ''@X'''@X' , '@X" , @X ,,, @r 
M8G!C:%]Q=6EE=%LR72DL("YC;*)D;RAC;')D;U]Q6S)=*2P-"B-@("-@('"@ 

1 5 M('"@( , "@("'@(" , @(" N 'M<GAC;VYN* , )X8V]N;ELR72DL("YT>&-0;FXH= , AC 

M;VYN6S)=*2P-"B , @(" - @("'@("'@("'@("'@(" , @(" , N<GAO<V5L*')X;W-E 
M;"DL("YT>&]S96PH=AO<V5L*2P-"B - @("'@("'@("'@X" I @("'@("'@(" , N 
M9&ES8V]N;BAD:7-C;VYN6S)=*2P-"B , @(" , @(" , @(" , @.("'@(" , @("'@(" > N 
M:7-R>"AKW)X6S)=*2P@+F]S96PH;W-E;%\R*2P-"B-@(" - @('-@("-@('-@ 

2 0 M("" @(" " @("'N;W-E;%]L;V%D*&]S96Q?;&]A9%LR72DL#0H@(" , @("' @(" ' @ 

M(" , @(" , @( , "@(" , @+G)X8V]N;F%C:RAR>&-0;FYA8VM;,ETI+" , -"BYT>&-0 
M;FYA8VLH- AC;VYN86-K6S)=*2P-"B'@(""@("'@("'@("'@("'@("'@("'N 
M<GAD:7-C;VYN86-K* , )X9&ES8V]N;F%C:ULR72DL#0H@("'@("'@("-@(" > @ 
M(" , @(" , @('"@+GlX9&ES8V]IM;F%C:RAT>&lI<V-0;FYA8VM;,ET]+-T*("-@ 

2 5 M(" , @( , "@(" , @('"@("'@(" , @("YC;VYN96-T960H8V]N;F5C=&5D6S)=*2P- 

M"B'@("@( ,n @(""@(""@("'@(""@(" - N<V-0<F5B;V%R9"AC:%]S8V)D6S)= 
M*2D[#0II-"B'@<&)U<U]C:&YL(%574$)?0S'S("@N<&)C;&LH8VQK*2P@+G)S 
M= , 'AR<W0I+T*("'@("-@("'@(' n @(' , '@("'@('' , @("YS87=?<FUT7W)S<''AS 
M87=?<FUT7W)S<"DL("YS87=?:61L* , -A=U]I9&PI+T*(" - @("'@(" - @("'@ 

3 0 M(" 1 @(" ' @(" '@(" YC:&YL7VUA=&-H*&-H;FQ?;6%T8 VA;,UTI+'T*("' @(" 1 @ 

M(*'"@(" - @(" , @("'@(" - @('YQ=6EE="AB<&-H7W%U:65T6S-=*2P@+F-L<F10 
M*&-L<F107W 0 /o;,UTI+'T*(' n @("'@(" , @(" , @(" , @("'@(" , @("YR>&-0;FXH 
M<GAC; VYN6S-=*2P@+G 1 X8 V]N;BAT>&-0;FY„UTI+- T*(" ' @(" ' @(" ' @('" @ 
M(" , @("'@("'@("YR>&]S96PH<GAO<V5L*2P@+GlX;W-E;"AT>&]S96PI+'T* 
3 5 M(" , @("'@( , ''@(''"@("'@(' , "@( I,, @("YD:7-C;VYN*&1I<V-0;FY;,UTI+-T* 
M('" ' @("' @(" ' @(" ' @(" @("YI<W)X*&ES<GA;,UTI+"'N;W-E;"AO 
M<V5L7S,I+' T*("' @(" -@(" ' @("' @("' @("' @('" @(' YO<V5L7VQO860H;W-E 
M;%]L;V%D6S-=*2P-"B-@("'@('"@(-@(" - @(" , @(""@(" 1 N<GAC;VYN86-K 
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PATENT 



M*')X8V]N;F%C:ULS72DLCT*+G1X8V]N;F%C:RAT>&-0;FYA8VM;,UTI+'T* 
Mf @(" ' @C @(" ' @(" ' @C" @(" ' @(" YR>& 1 KV-0;FYA8 VLFKGAD : 7-C; VYN 
M86-K6S-=*2P-"B , @( , "@(" , @(" , @(" , @(" , @("'@(" , N='AD:7-C;VYN86-K 
M*'lX9&ES8V]N;F%C:ULS72DL#0H@(" , @( , -@("'@("-@("'@(" , @( ,p @+F-O 
5 M;FYE8WlE9"AC;VYN96-T961;,UTI+'T*("-@(" , @("'@("-@(" , @(" , @( ,n @ 
M("YS8V]R96)O87)D*&-H7W-C8Fl;,UTI*3L-"@T*("!P8G5S7V-H;FP@55]0 
M0E]#,#0@*"YP8F-L:RAC;&LI+ , "N<G-T*')S="DL#0H@(" , @( ,o @( ,r @(" , @ 
M(" ' @(" ' @(" " @+G- A=U]R;7 1 ?<G-P**- A=U]R;7 1 ?<G-P*2P@+G- A=U]I9&PH 
M<V%W7VED; , 'DL#0H@("'@("'@(' ,, @(" , @(" , @( ,,, @( , "@+F-H;FQ?;6%T8V@H 

1 0 M8VAN;%]M871C:%LT72DL#0II@(" , @( ,,, @(" , @( , "@(" , @(" , @(" , @+G%U:65T 

M*&)P8VA?<75I971;-%TI+' n N8VQR9&\H8VQR9&]?<5LT72DL#0H@('"@(" , @ 
M(" ' @(" ' @("' @(" " @(" ' @+G)X8 V]N;BAR>&-0;FY;-%TI+" ' N='AC; VYN*' 1 X 
M8 V]N;ELT72DL#0H@("' @('" @(" ' @("' @(" ' @(" " @C" @+G)X; W-E; " AR>&] S 
M96PI+" , N=AO<V5L*4X;W-E;'m#0H@X ,,, @X" , @( ,,> @( , ' , @r , @("'@(" , @ 
15 M+FlI<V-O;FXH9&ES8V]N;ELT72DL#0H@('-@("'@C"@( ,r @( , "@( , "@(" , @ 
M+FES<G@H:7-R>%LT72DL("YO<V5L*&]S96Q?-"DL#0H@(" , @(" , @(" , @(""@ 
M(" , @(" , @("'@+F]S96Q?;&]A9"AO<V5L7VQ0861;-%TI+ , T*(" , @(" > @(" , @ 
M('" @(" 1 @('" @("' @(" YR>&-0;FYA8 VLH<GAC;VYN86-K6S 1 =*2P@#0HN= AC 
M;VYN86-K*'lX8V]N;F%C:ULT72DL#0H@( M, @("'@(" - @(" , @(""@('"@(" - @ 

2 0 M+G)X9&ES8V]N;F%C:RAR>&1KV-0;FYA8VM;-%TI+-T*(" , @(" , @(" , @( ,,, @ 

M(" , @(" , @("'@("YT>&1I<V-0;FYA8VLH='AD:7-C;VYN86-K6S1=*2P-"B , @ 
M("" @(" 1 @("' @C @(" ' @(" ' @rN8 V]N;F5C=&5D*&-0;FYE8W 1 E9%LT72DL 
M#0H@("'@("'@("'@("'@("'@("'@(" , @ + G-C;W)E8F]A<F0H8VA?<V-B9%LT 
M72DI.PT*#0H@('!B=7-?8VAN;"!57U!"7T,P-2'H+G!B8VQK*&-L:RDL("YR 

2 5 M<W0H<G-T*2P- ,, B'@("'@(' p @("'@("\@(" , @C''@( ,r N<V%W7W)M=%]R<W'H 

M<V%W7W)M=%]R<W , T+"'N<V%W7VED;"AS87=?:61L*2P- , 'B , @("-@("@('"@ 
M( , "@(" , @("'@("'N8VAN;%]M871C:"AC:&YL7VUA=&-H6S5=*2P-"B'@("'@ 
M("'@("-@("-@('"@("'@(" , N<75I970H8G!C:%]Q=6EE=%LU72DL("YC;')D 
M;RAC;')D;U]Q6S5=*2P-"B'@(" , @(" , @(" , @(""@X"'@(""@(" , N<GAC;VYN 
30 M* , )X8VlN;ELU72DL("YT>&-0;FXH='AC;VYN6S5= !,e 2P-"B @("'@("~@(" , @ 
M(" , @("@(" , @(""N<GAO<V5L* , )X;W-E;"DL("YT>&]S96PH=AO<V5L*2P- 
M"B , @( ,,, @(" , @(" , @("'@(""@("'@r x N9&ES8V]N;BAD:7-C;VYN6S5=*2P- 
M ,, B'@C"@(" , @( , "@("'@("-@(" , @(" , N:7-R>"AI<W)X6S5-*2P@+F]S96PH 
M;W-E;%\U*2P-"B"@( , ' , @('''@(" , @(" - @(""@("'@( , ' , N;W-E;%]L;V%D*&]S 

3 5 M96Q?;&]A9%LU72DL#0H@(" , @("-@C"@( , "@(" , @(" , @(" , @+G)X8V]N;F%C 

M:RAR>&-0;FYA8VM;-5TI+"'-"BYT>&-0;FYA8VLH=AC;VYN86-K6S5=*2P- 
M ,, B , @( , "@("-@("'@(" , @("'@r@(""N<GAD:7-C;VYN86-K*')X9&ES8VJN 
M;F%C :ULU72DL#0H@("' @(" ' @("" @('" @T@T@C@+G 1 X9&ES8V]N;F%C 
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PATENT 

M:RAT>&lI<V-0;FYA8VM;-5TI+~T*("~@("-@('-@(" - @(" - @("-@('-@("YC 
M;VYN96-T960II8V]N;F5C-&5D6S5=*2P-"D'@("'@( , "@(" , @(" , @(" , @( , "@ 
M("'N<V-O<F5B;V%R9"AC:%]S8V)D6S5=*2D[#0H-"B - @<&)U<U]C:&YL(%5? 
M4$)?0S"V("@N<&)C;&LH8VQK*2P@+G)S="AR<W0I+'T*(" , @("-@('-@("-@ 
5 M( , -@('"@( , "@("YS87=?<FUT7W)S<"AS87=?<FUT7W)S<"DL("YS87=?:61L 
M*'-A=U]I9&PI+' T*(" ■©("■ @('- @(" ' @(" • @C@C @(" YC :&YL7VUA=&-H 
M*&-H;FQ?;6%T8 VA-EXR'T^"' @(" ' @(" ' @(" 1 @(" ' @(" ' @("' @("YQ=6EE 
M="AB<&-H7W%U:65T6S9=*2P@+F-L<F10*&-L<F107W%;-ETI+-T*("'@("'@ 
M(" , @('"@(" , @(" , @(" - @("YR>&-0;FXH<GAC;VYN6S9=*2P@+G1X8V]N;BAT 

1 0 M>&-0;FY;-ETI+'T*('*'@("-@( , "@('"@("-@( ,, -@("'@("YR>&]S96PH<GAO 
M<V5L*2P@+GlX;W-E;"AT>&]S96PI+ , T*(" , @("'@(" , @(" , @(" , @("'@("-@ 
M( M YD:7-C;.VYN*&lI<V-0;FY;-ETI+ > T*(" , @r , @( , ''@(" , @( , ' , @(' ,, @("'@ 
M("YI<W)X*&ES<GA;-ETI+"-N;W-E;"AO<V5L7S8I+-T*("-@("-@("'@("'@ 
M(" , @("'@(" , @("YO<V5L7VQO860H;W-E;%]L;V%D6S9=*2P-"B'@(" , @(" x @ 

1 5 M(" - @("'@(" @(" , @(" - N<GAC;VYN86-K* , )X8V]N;F%C:ULV72DL( , T*+GlX 
M8V]N;F%C:RAT>&-0;FYA8VM;-ETI+'T*(" , @("'@(" , @('"@( ,, -@(" , @("'@ 
M("YR>&lKV-0;FYA8VLH<GAD:7-C;VYN86-K6S9=*2P-"B'@(" - @(" - @("@ 
M("'@( , "@(" , @(""N=AD:7-C;VYN86-K*'1X9&ES8V]N;F%C:ULV72DL#0H@ 
M( M :@(" , @('' , @(" - @('' , @('' - @('''@+F-0;FYE8WlE9"AC;VYN96-T961;-ETI 

20 M+-T*("'@(" , @(" , @(""@("'@('''@("'@( , 'YS8V]R96)087)D*&-H7W-C8F1; 
M-ETI*3L-Ya!T*( ,, !P8G5S7V-H;FP@55]00E]#,#<@*"YP8F-L:RAC;&Ll+"'N 
M<G-T* , )S="DL#0H@("@(" - @("'@("'@C"@(" - @(" , @+G-A=U]R;71?<G-P 
M*'-A=U]R;71?<G-P*2P@+G-A=U]I9&PH<V%W7VED; M DL#0H@(" , @('"@(" , @ 
M("'@(" , @(" , @('"@+F-H;FQ?;6%T8V@H8VAN;%]M871C:%LW72DL#0H@(" , @ 

25 M(" , @("'@('"@(" , @("'@("-@+G%U:65T*&)P8VA?<75I971;-UTI+" , N8VOR 
M9&\H8VQR9&]?<5LW72DL#0H@( , "@(" , @("'@( , "@("'@(" , @("'@+G)X8V]N 
M;BAR>&-O;FY;-UTI+"-N= , AC;VYh r *'lX8V]N;ELW72DL#0H@("-@("-@("-@ 
M("' @("' @("" @(" ' @+G)X;W-E;"AR>&]S96PI+"'N='AO<V5L*'l X;W-E;"DL 
M#0H@( ,,, @( ,, '@X' , -@,("'@('''@('''@( , ''@+FlI<V-O;FXH9&ES8V]N;ELW72DL 

3 0 M#0H@("'@(" - @("'@( , "@("'@( , "@("'@+FES<G@H:7-R>%LW72DL("YO<V5L 
M*&]S96Q?-RDL#0H@("'@(" , @("@("'@("'@(" , @("'@+F]S96Q?;&]A9"AO 
M<V5L7VQ0861;-UTirT*(" , @(" , @(" , @(" - @(" - @("'@(' p @("YR>&-0;FYA 
M8VLH<GAC;VYN86-K6S==*2P@#0HN='AC;VYN86-K*'1X8V]N;F%C:ULW72DL 
M#0H@( , "@( , "@( ,,, @("'@(" - @("'@(' r @+G)X9&ES8V]N;F%C:RAR>&lKV-O 

35 M;FYA8VM;-UTI+ , T*('"@C"@(" , @(' o @("'@( ,,, @('"@("YT>&lI<V-0;FYA 
M8VLH= , AD:7-C;VYN86-K6S=-*2P-"B-@("-@("'@("'@("-@("-@("-@("-N 
M8V]N;F5C=&5D*&-O;FYE8WlE9%LW72DL#0H@(" , @(" , @(" , @("'@(" - @("'@ 
M(" ' @+G-C; W)E8F] A<F0H8VA?< V-B9%LW72DI.PT*#0H@C !B=7-?8 VAN;" ! 5 
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PATENT 

M7U!"7T,P."'H+G!B8VQK:*&-L:RDL("YR<W0H<G-T*2P-"B , @(""@(" , @(" , @ 
M(" - @( , ' , @(' ,, @( ,n N<V%W7W)M=%]R<W'H<V%W7W)M=%]R<W'I+"-N<V%W7VfiD 
M;"AS87=?:61L*2P-' , B-@(" , @("'@(" , @(' ,- @(" - @(" - @('"N8VAN;%]M871C 
M:"AC:&YL7VUA=&-H6SA=*2P-"B-@('-@("-@('-@("-@(" , @("'@("'N<75I 
5 M970H8G!C:%]Q=6EE=%LX72DL("YC;')D;RAC; , )D;U]Q6SA=*2P-"B'@("-@ 
M("'@(" , @('"@( , "@("'@('"N<GAC;VYN* , )X8V]N;ELX72DL("YT>&-0;FXH 
M='AC;VYN6SA=*2P-"B-@("'@("'@("-@("-@("-@(-@(" - N<GAO<V5L*')X 
M;W-E;"DLCYT>&]S96PH='AO<V5L*2P-' , B , @(" , @("'@(" l @(" , @('"@( , "@ 
M('"N9&ES8V]N;BAD:7-C;VYN6SA=*2P-"B-@("-@("-@('-@("'@(" , @( , "@ 

10 M(" , N:7-R>"AKW)X6SA=*2P@+F]S96PH;W-E;%\X*2P-"B-@("-@("'@("-@ 
M("' @C" @C" @(" 'N;W-E;%]L; V%D*&] S96Q?;&] A9%LX72DL#0H@('" @("' @ 
M("'@('"@( , "@( , "@( l "@+G)X8V]N;F%C:RAR>&-0;FYA8VM;.%TI+"--"BYT 
M>&-0;FYA8VLH-'AC;VYN86-K6SA=*2P-"B-@('"@(" , @( , "@(" , @('"@("'@ 
M("N<GAD:7-C;VYN86-K*')X9&ES8V]N;F%C:ULX72DL#0H@(" , @(" , @( ,,, @ 

15 M("'@(" , @("'@("'@+G1X9&ES8V]N;F%C:RAT>&1KV-0;FYA8VM;.%TI+-T* 
M('" @(" 1 @("' @(" ' @r @("'@(" ' @(" YC;VYN96-T960H8V]N;F5O&5D6S A= 
M*2P- , 'B'@("-@(' ,, @(" , @("-@('"@("'@("'N<V-0<F5B;V%R9"AC:%]S8V)D 
M6SA=*2D[#0H-"B-@<&)U<U1C:&YL(%5?4S)?0S'Y("@N<&)C;&LII8VQK*2P@ 

M+G)S="AR<W0I+-T*( ,,, @(' , "@( , ''@("'@("'@('' , @( ,, '@( , ' YS87=?<FTjT7W ) S 
20 M<"AS87=?<FUT7W)S<"DL("YS87=?:61L*'-A=U]I9&PI+'T*("-@('-@("-@ 
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30 M86-K*')X8V]N;F%C:ULY72DL(T*+G1X8V]N;F%C:RAT>&-0;FYA8VM;.5TI 
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M+F-0;FYE8W1E9"AC;VYN96-T961;.5TI+'T*(" , @('' - @('''@( M "@('' , @X'''@ 
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M2-H+G!B8VQK*&-L:RDL("\Tl<W0H<G-T*2P-"B'@(" , @( ,,, @(" , @("'@( , "@ 
M(" , @("'N<V%W7W)M=%]R<W , H<V%W7W)M=%]R<W1+"'N<V%W7VED;"AS87=? 
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M(" , @( , ' , @(" , @('"N<GAC;VYN86-K* , )X8V]N;F%C:ULQ,ETI+" , -"BYT>&-0 
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M*'IX9&DR6S-=*2P@+E,H<GAS96PI*3L-"B-@3558,C%(02!R> , 1X9&DR7S(@ 
M*"Y:*&1I,ELR72DL("Y"*')X9&DR6S)=*2P@+D$H='AD:3);,ETI+" , N4RAR 
M>'-E;"DI.PT*("!-55@R,4A!(')X=AD:3)?,2-H+EHH9&DR6S%=*2P@+D(H 

2 5 M<GAD:3); ) 5TI+ ,, 'N02AT>«&II,ELQ72DL( ,, Y3*')X<V5L*2D[#0H@($U56#(Q 

M2$$@<GAT>&lI,E\P("@N6BAD:3);,%TI+"-N0BAR>&lI ? ELP72DL("Y!*'lX 
M9&DR6S!=*2P@+E,H<GAS96PI*3L-"@T*("!W:7)E"6EN<W)T9%]E;CL-"B-@ 
M04Y$,T$@("!C;')I9&%?,R , @*"Y:*&EN<W)T9%]D6S-=*2P@+D$H;F9L=7-H 
M*2P@4-D(H8V]N;F5C=&5D*2P@#0H@( , ''@("'@("-@(' , '@("'@("'@("'N0RAI 

3 0 M;G-R=&1?:5LS72DI.PT*("!!3D0S02'@(&-L<FED85\R("-H+EHH:6YS<G1D 

M7 V 1 ;,ETI+" 'N02AN9FQU<V@I+" ' NOB AC; VYN96-T960I+"" -"B'@(" ' @("' @ 
M( ,,, @('''@( ,, -@(" , @( n Y#*&EN<W)T9%]I6S)=*2D[#0H@($%.l#-!( ,,, @8VQR 
M:6 1 A7S$@("@N6BAI;G-R=& I ?9%LQ72DL("Y! *&YF;'5S: "DL("Y"*&-0;FYE 
M8W1E9"DL( , T*(" , @("'@("'@(^@("'@('''@("'@ + D,H:6YS<G1D7VE;,5TI 
35 M*3L-"B , @04Y$,T$@("!C;')I9&%?, ,n @* ,, Y:*&EN<W)T9%]D6S!=*2P@+D$H 
M;F9L=7-H*2P@+D(H8V]N;F5C=&5D*2P-"B-@("-@("'@(" , @( ,,, @("-@("-@ 
M("Y#*&EN<W)T9%]I6S!=*2D[#0H@($U56#0Q2$$@:6YS<G1D7S,@("@N6BAI 
M;G-R=&1?:5LS72DL(T*("'@("'@(' , '@(" , @(' , '@("'@('''@+D0P*&1I,%LS 



US 2003/0108061 Al 



115 



Jun. 12, 2003 



PATENT 



M72DL("Y$,2AD:3%;,UTI+'"]SI1#(H9&DR6S-=*2P@+D0S*&1I,%LS72DL('T* 
M(" ' @("' @("' @(" ' @(" ' @(" ' @(" ' @+D(H:6 YS<G 1 S96Q;,5TI+'"N02 AI;G-R 
M='-E;%LP72DI.PT*("!-55@T,4A!(&EN<W)T9%\R("'H+EHH:6YS<G1D7VE; 
M,ETI+ , "-"B'@( , "@( , "@(" , @('"@("-@( , "@("Y$,"AD:3!;,ETI+"'Nl#$H 
5 M9&DQ6S)=*2P@+D0R*&lI,ELR72DL("Y$ > RAD:3!;,ETT+" , -"B - @('"@("'@ 
M(" , @( , "@( , "@("'@X"Y"*&EN<W)T<V5L6S%=*2P@+D$H:6YS<G1S96Q;,%TI 
M*3L-"B-@3558-#%(02!I;G-R=&l?,2-@*"Y:*«feEN<W)T9%]T6S%=*2P@#OH@ 
M('"@(" , @(" , @(""@(" , @(" , @("*NirH9&DP6S%=*2P@+D0Q*&lI,5LQ72DL 
M("Y$,BAD:3);,5TI+"-Nl#,H9&DP6S%=*2P@#0H@("-@("'@(" , @(" > @("'@ 
1 0 M("-@(" , N0BAI;G-R='-E;%LO72DL("Y!*&EN<W)T<V5L6S!=*2D[#0H@($U5 
M6#0Q2S$@:6YS<GlD7S-@(*'@N6BAI;G-R=&l?:5LP72DLCT*(" , @("'@( , '-@ 
M(" " @(" ' @C" @(" ' @+D0P*& 1 1,%LP72DL("Y$,2AD:3%„%TI+"'N 1 #(H9&DR 
M6S!=*2P@+D0S*&1I,%LP72DL(T*("'@( ,, '@("'@(" > @(" > @(" , @("'@ +D (H 
M:6YS<GlS96Q ;) 5TI+"-N02AI;G-R='-E;%LP72DI.PT*#0H@($]2,D$@('"@ 

1 5 M:7-R='-E;%\Q("@N6BAI;G-R= , -E;%LQ72DL( h Y!*&]S96Q;,ETI+" , N0BAB 

M8W-T<V5L6S)=*2D[#0H@($]2,D$@C"@:7-R='-E;%\P("@N6BAI;G-R='-E 
M;%LP72DL("Y!*&]S96Q; I 5TI+"'N0BAB8W-T<V5L6S%=*2D[#0H-"B-@.3U(R 
M02 , @("!L9&]S96QO<B'@*"Y:*&QD;W-E;"DL("Y!*&]S96QE=BDL("Y"*')S 
M="DI.PT*("!&1#),44S@(&QD;W-E; , )?,B , H+E$H;W-E;%LR72DL( , T*("'@ 

2 0 M(-@C ' @C" @(" ' @(" ' @(" ' @+D0H;W-E;&)P6S)=*2P@+D-0(" AH8VQK*2P@ 

M+D-$*&YR<W0I+'-N3$0H;& 1 0<V5L*2D[#OH@($9$.DQ 1 02 '@;& 1 0<V5L<E\Q 
M("@N42AO<V5L6S%=*2P@#0H@("-@(" , @C"@( ,r @( ,r @("-@( , "Nl"AO<V5L 
M8G!;,5TT+"N0U'@*&AC;&LI+"'N0T0H;G)S-"DL( M Y,r , AL9&]S96Pl*3L- 
M"B'@lD0R3%%!r!L9&]S96QR7S'@*"Yl*&jS96Q;,%TI+"-."B-@("@(""@ 

2 5 MC ,, @("-@("'@("-@('Y$*&]S96QB<%LP72DL("Y#4 , "II:&-L:RDL("Y#l"AN 

M<G-T*2P@+DQ$*&QD;W-E;''DI.PT*#0H@($Y2-$S@(""@:6YS8W1R;"-@("@N 
M6BAI;G-R=&-T<FQ?:2DL("Y!*&]S96Q;,ETI+ ,r N0BAO<V5L6S%=*2P@#0HN 
M0RAO<V5L6S!=*2P-"B-@("-@( , "@("'@(" - @(""@('"@("Y$*&9L=7-H*2D[ 
MC T*(" ! .,4$@(" ■ @(&EN=FES8V0@("'I I t-EI II 1: 6 YS<G 1 C=')L7V0I+'"N02AI 

30 M;G-R=&-T<FQ?:2DI.PT*("!&1#)102-@(&EC=')L<F5G,'-H+E$H:6YS<G1C 
M=')L7S'I+"'N1"AI;G-R=&-T<FQ?9"DL("Y#4"-H:&-L:RDLCT*+D-$*&YR 
M<W0I*3L-"B-@3U(R02 , @("!F<F-I;G-R="'@*"Y:*&EN<W)T8W1R;#!?9"DL 
M("Y ! *&EN< W)T8 W I R;%\P*2P@+D(H8V%S=&]U="DI.PT*(" ! & 1 #) 1 02' @(&EC 
M=')L<F5G,2-H+E$H:6YS<GlC=')L*2P@("-@("Y$*«feEN<W)T8WlR;#!?9"DL 

35 M("Y#4"-H:&-L:RDL('T*+D-$*&YR<W0I*3L-"B , @1D1.,E%!("!I8W1R;')E 

M9S%A("@N42AI;G-R=&-T<FQA*2P@("Nr , AI;G-R=&-T<FPI+"'N0U!.("AH 
M8VQK*2P@#OHN0TOH;G)S="DI.PT*#0H@($XQ02'@("-@:6YV:61L92'@("@N 
M6BAI;E]I9&QE:&XI+"' N02AQ=6EE-"DI.PT*(" ! .4C)!(" ' @(&EN< W 1B8W-T 
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M("'H+EHII8V%S=&]U="DL("'@+D$H8F-A<WlE;FXl+' n N0BAI;E]I9&QE:&XI 
M*3L@(T*#0H@($9$,E%!('*!1<F5G,W-@("@N42AI;G-R=&1;,UTI+'"N1"AI 
M;G-R=&l?9%LS72DL("Y#4 ,n H:&-L:RDL(T*+D-$*«&YR<W0I*3L-"B-@lD0R 
M44$@(&ER96<R< n, @*"Yl*&EN<W)T9%LR72DL("Y$*&EN<W)T9%]D6S)=*2P@ 
5 M+D-O("AH8VQK*2P@#0HNOTOH;G)S="DI.PT*("!&l#)102 , @:7)E9S%P("'H 
M+E$H:6YS<G1D85\Q*2P@.+D0H:6YS<G1D7V1;,5TI+""N0U'@*&AC;&LI+"'- 
M"BY#1"AN<G-T*2D[#0H@($9$,E%!("!KF5G,"@("@N42AI;G-R=&1A7S , I 
M+"N1"AI;G-R=&1?9%LP72DL("Y#4 ,,, H:&-L:RDLCT*+D-$*&YR<W0I*3L- 
M"B'@1D1.,E%!(&ER96<Q;B"@*'Y1*&EN<W)T9%LQ72DL("Y$*&EN<W)T9&%? 

10 M,2DL(" , @+D-03BAH8VQK*2P@#0HN0T0H;G)S="DI.PT*("!&1$XR44$@:7)E 
M9S!N('"H+E$H:6YS<G1D6S!=*2P@+D0H:6YS<G1D85\P*2P@C"N0U!.^&AC 
M;&LI+" , -"BY#l"AN<G-T*2D[#0H-"B , @=VER90D);F9L=7-H7S , [#0H@('=I 
M<F4)"69L=7-H7S ! ?9#L-"B' @=VER90D)8VQR:&]L9#L-"B ' @3E(R02' @(&YR 
M ; F-L<F0@*"Y:*&-L<FAO;&0I+ l "@("Y!*&YF;'5S:%\P*2P@C"N0BAQ=6EE 

15 M="DI.PT*("!/4C)!("'@;W(R8VQR9" , H+EHH9FQU<VA?,%]D*2P@+D$H8VQR 
M9&\l+'"@(" , @("Y"*&-L<FAO;&0I*3L-"B , @lD0R44$@(&-L<FlO<VT@*"Yl 
M*&9L=7-H7S'I+" , @("Y$*&9L=7-H7S!?9"DL('"N0U'@*&AC;&LI+"'N0T0H 
M;G)S="DI.PT*("!.,4$@("'@:6YV9FPP( , -H+EHH;F9L=7-H7S-I+"-@+D$H 
M9FQU<VA?,"D@*3L-"B , @1DOR44$@(&-L<F10<VX@*"Y1*&9L=7-H*2P@("'@ 

2 0 M("Y$*&9L=7-H7S'I+" , @(" > N0U , @*&AC;&LI+" , N0T0H;G)S="D1.PT*("!. 

M4C)!(" , @:6YV9FQS:"*H+EHH;F9L=7-H*2P@(" , @+D$H9FQU<V@I+"'@("'@ 
M("Y"*&9L=7-H7S , I*3L-"B'@lD0R44$@(&]S;65T85\P*"Yl*&]S96QO<E\P 
M*2P@("Y$*&]S96Q?;«&]A9"DL("'@(" , N0U , @*&AC;&LI+' r -"BY#rAN<G-T 
M*2D[#0H@($5/02-@("!I8WlR; , AO<B@N6BAO<V5L978I+" > @( ,n N02AO<V5L 

2 5 M7VQO860I+'" @('- @+D(@(" AO<V5L;W)?,"DI.PT*#0H@($Y2.$$@("' @:6 1 L 

M;W(X("'H+EHH:6Y?:61L95]D*2P@#0H@( , -@("-@( ,,, @("-@("'@("'@+D$H 
M9#%R96=;,%TI+"-N12AD J 7)E9ULQ72DL("Y"*&0Q<F5G6S)=*2P@#0HNlBAD 
MJ)E9ULS72DL#0H@(" , @("'@(''"@( , ''@.(' , '®( ,r @+D,H9')16S!=*2P@("-N 
MlRAD<FE;,5TI+"-@("Y$*&lR:5LR72DL("-@#0HN2"AD<FE;,UTP3L-"B'@ 

3 0 M1D0R44$@("!I9&QR96=H("@N42AQ=6EE="DL("Y$*&EN7VED;&5?9"DL("Y# 

M4-H:&-L:RDL("-N0T0H;G)S="DI.PT*^OH@($XQ02-@("-@:6YV<G-T(^H 
C+EHH;G)S="DL("Y!*')S="DI.R"-"@T*96YD;6]D=6QE#0H@ 



end 

3 5 ©1998 Gadzoox Networks, Inc. 
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C Language Program UUXFER 

/* UUXFER - a complete uuencode/uudecode package 

5 * ver. 2.0 copyright (C) 1990 David M. Read All rights reserved. 



* In the lines below, you should #define whatever is appropriate 

* for your system. If you have the CURSES package available, I 

1 0 * suggest you use it. DUMBJO will be defined if neither CURSES 

* nor TURBO_C is defined. 

* If you are using an ANSI-compliant compiler, define ANSI_C. 

15 */ 

#dcfinc ANSI_C 
#define MS_DOS 
^define TURBO_C 

20 

/* 

#define DUMBJO 
#define CURSES 
#define UNTX 

2 5 */ 

#if (Idefined (CURSES) && Idefined (TURBO_C) && 'defined (DUMBJO)) 

#define DUMBJO 

#endif 

30 

#defineESC 27 
#define OFF 0 
#define ON -OFF 
#define EMIT 0 

3 5 #define UPDATE 1 

#define SEEKJSET 0 
#dcfine SEEK_CUR 1 
#define SEEK_END 2 
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#include <stdio.h> 
#include <string.h> 
#include <ctype.h> 

5 

#ifdefMS_DOS 
#include <stdlib.h> 
#include <io.h> 
#defme UPDATE_CHAR 176 
1 0 #endif 

#ifdefTURBO_C 
#includc <conio.h> 
#endif 

1 5 

#ifdefUNIX 
#include <sys/types.h> 
#include <sys/stat.h> 
#endif 

20 

#ifdef CURSES 
#include <curses.h> 
#define clrscr clearscr 
#define gotoxy moveto 

2 5 #define printf printw 

#ifdef DUMBJO 
#undef DUMBJO 
#endif 

30 

#endif 

#ifdef DUMBJO 
#defme clrscr clearscr 

3 5 #define gotoxy moveto 

#define getch getcharacter 
#endif 
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#ifndef UPDATE_CHAR 
#defmc UPDATE_CHAR 'X' 
#endif 

5 typedef unsigned char uchar; 

/* Global variables which are parameters for the en/decoding process */ 

int cells_per_line =15, 
1 0 multiplc_input = OFF, 
multiple_output = OFF, 
overwrite = OFF, 
interactive = ON, 
xx_set - OFF, 

1 5 table_output = OFF, 

line count = 0, 
ext_set = OFF; 
long maxsize = 32767; 

2 0 uchar xx_chars[] = 

' , +-0123456789ABCDEFGHlJFaMNOPQRSTUVWXYZabcdefghijklrnnopqrstuvwxyz , '; 
uchar uu_chars[65], 

ext_chars[65]; 
uchar *char_set = uu_chars, 

2 5 tablet 128]; 

#ifdefANSI_C /* function prototypes for ANSI C compilers */ 

int encode_file (char *infilename, char *tempfilcnamc); 

3 0 int encodejine (uchar *mdata, uchar *outdata, int bytes in); 

int encode_block (FILE *infile, FILE *outfile, char*infilename, 

char *outfilename, int section, int two_percent); 
int encode_cell (uchar *indata, uchar *outdata); 
int process_command_line (int argc, char **argv, char *infilename); 
3 5 int get_parameters (int argc, char **argv); 

int decodejile (char *infilename, char *tempfilename); 
int decode line (char *indata, char *outdata); 
int decode_cell (char *indata, char *outdata); 
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int fmd good datajine (FILE *infile, char *indata, int line_excess); 
int getexcess (FILE *infile, char *indata); 
int get_outfilename (char *indata, FILE *infile, int *mode); 
int getfilenames (char *infilename, char *outfilenamc); 
5 void getfilesize (void); 

void get_cells_per_line (void); 
void show_status_linc (void); 
void clear_extension (char *filename); 
int no_extension (char *filename); 
1 0 void menu (void); 

void show_about (void); 

int ok to write (char *filename); 

int build table (void); 

void huild_uu_chars (void); 

1 5 int read_charset (FILE *infile); 

int writejable (FILE *outfile); 
int readexternalset (void); 
int check_xx (int byte); 
long getsize (char *filename); 

2 0 int update_progress (int mode); 

long fiiesize (FILE *fileptr); 
void press_key (void); 
void curses_refresh (void); 

2 5 #ifdef CURSES 

void elearser (void); 
void moveto (int x, int y); 
int wherex (void); 
int wherey (void); 

3 0 #endif 

#ifdef DUMBJO 
void elearser (void); 
void moveto (int x, int y); 
3 5 int getcharacter (void); 
#endif 



#else 



/* function prototypes for UNIX systems */ 
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void get_filesize (); 
void get_cells_per_line 0; 
void show_status_line (); 
5 void clearextension 0; 
void menu (); 
void show_about (); 
void build_uu_chars (); 
void press_key (); 
1 0 void cursesjrefresh 0; 
long get_size 0; 
long filesize (); 

#ifdef CURSES 

1 5 void clearscr 0; 

void mo veto (); 
int wherex 0; 
int wherey (); 
#endif 

20 

#ifdef DUMBJO 
void clearscr 0; 
void moveto 0; 
int getcharacter (); 

2 5 #endif 

#endif /*endof#ifdef ANSI_C */ 

/* Constants for use in command-line parsing */ 

30 

#defme NOTHING 0 
#defme ENCODE 1 
#define DECODE 2 



main (argc, argv) 
int argc; 
char **argv; 
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{ 

char infilename[64], 
outfilename[64]; 
int action; 

5 

#ifhdef CURSES 

clrscrO; 
#else 

initscr (); 
1 0 cbrcak (); 

echo (); 

leaveok (stdscr, FALSE); 
refresh (); 
#endif 

1 5 

if (get_parameters (argc, argv)) /* Gets parameters from the */ 
return 0; /* command line */ 

if (xx_set) 

2 0 char_set = xx_chars; 

build_uu_chars (); 
build_table (); 

do 
25 { 

action = process_command_line (argc, argv, infilename); 

/* process_command_line selects the next action/filename specified 

* on the command line and copies it into infilename, returning 

3 0 * what action was specified: encode or decode. Returns 

* action = nothing if there are no more files on the command line. 
*/ 

*outfilename = '\0'; /* clear outfilename in the command-line case */ . 

35 

if (action — ENCODE) 

encode_file (infilename, outfilename); 
else if (action == DECODE) 
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decodefile (intilenamc, outfilename); 

} while (action != NOTHING); /* stop command-line processing */ 

5 if (interactive) /* interactive is set to 1 if */ 

{ /* get_parameters detects no */ 

menu(); /* action parameters */ 

show_about (); 

} 

1 0 else 
{ 

print!' ("\n\nUUXFER ver 2.0 copyright (c) 1990 David M. Rcad\n\n"); 
printf ("This program is shareware. Read the instructions concemingV); 
printf ("program registration, available by typing 'uuxfer-i' from\n"); 
1 5 printf ("the command-line, or by activating the program in menu-driven mode.\n\n"); 
curses refresh (); 

} 

return 0; 

20 } 



encode_ftle (infilcname, outfilename) 
char *infilename, 

2 5 ""outfilename; 

{ 

FILE *infile, 

*outfile; 
char extension[4]; 

3 0 int rcode, 

section = 1, 
tot_sections, 
two_percent; 
long in_size, 
3 5 out_size; 

printf ("VnOpening input file %s for encoding...\n", infilename); 
curses_refresh (); 
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if ((infile = fopen (infilename, "rb")) = NULL) 
{ 

printf ("Error opening input file %s\n", infilename); 
5 curses_refresh (); 
return -1; 

} 

in_size = filesize (infile); 
1 0 out_size = (in_size * 1424) / 1000; 

/* The factor of 1.42 comes mostly from the conversion from 3 input bytes 

* to 4 output bytes, and the remaining part comes from the extra bytes 

* added to every output line. ..This isn't a *great* estimate, but it's 

1 5 * better than nothing, and it only lias to be accurate to a few hundred 

* In the next section, the addition of the denominator to the 

* numerand cures the "round-down" problem of integer division; 

2 0 * without it, tot_sections will be too small (resulting in the 

* incorrect output of the number of sections), and two_percent 

* will be too small, resulting in 51 updates instead of 50. 
*/ 

2 5 if (multipleoutput) 

tot_sections = (max_size - 1 + out_size) / max_size; 
else 

tot_sections = 1; 

3 0 two_percent = 1 + (49 + in_size) / 50; 

if (strlen(outfilename) = 0) /* check if we need to supply an */ 
{ /* output filename */ 

strcpy (outfilename, infilename); /* copy the infilename */ 
3 5 clear extension (outfilename); /* kills off anything past '.' */ 
if(xx_set) 

strcat (outfilename, "xxe"); /* add '.xxe' to the end */ 
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strcat (outfilename, "uue"); /* add '.uue' to the end */ 

} 

printf ("0%% 100%%\n"); 

5 update_progress (INIT); 

do 

{ 

if (multiple output) /* We'll be supplying the sequen-*/ 

1 0 { /* tial extensions here. */ 

clearextension (outfilename); 

sprintf (extension, "%d", section); /* convert number -> text */ 
strcat (outfilename, extension); /* stick it on the end */ 

} 

1 5 

printf ("\n Writing uuencoded file %s...", outfilename); 
curses_refresh (); 

if (!ok_to_writc (outfilename)) 

2 0 return -1; 

if ((outfile = fopen (outfilename, "wt")) = NULL) 
{ 

printf ("\nError opening output file %s", outfilename); 
prcss_key (); 

2 5 return -1; 

} 

/* add 'cut here' lines and other info to make netters happy */ 

3 0 if (section == 1) 

{ 

fprintf (outfile, "\n%12s: decoded size: %li\n", infilename, in_size); 
fprintf (outfile, "%12s encoded size: %li (approximate)\n", " ", out_size); 

} 

35 

fprintf (outfile, "\n%- 1 2s section %2d/%-2d", 

infilename, section, tot scctions); 
fprintf (outfile, " UUXFER ver 2.0 by David M. Read\n\n"); 
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fprintf (outfile, "BEGIN CUT HERE \n"); 

if (ext_set) 
5 if (read external set 0) 

{ 

printf ("Unable to open external table file TABLE.UUXAn"); 
cursesrefresh (); 
return - 1 ; 

10 } 

if (table_output) 
write table (outfile); 

1 5 rcode = encode_block (infile, outfile, infilename, outfilename, 

section, two_j>ercent); 

/* encode_block encodes pieces of the file. It looks at the 

* multiple_output global variable to see whether it should return 

2 0 * after encoding max_size bytes. It returns - 1 on an error or 

* encountering EOF. 
*/ 

fprintf (outfile, "END CUT HERE -An"); 

25 

section++; /* increment section for file-naming */ 

fclose (outfile); 

} while (rcodc == 0); 

30 

fclose (infile); 
return 0; 

} 

35 

encode_block (infile, outfile, infilename, outfilename, section, twoj>ercent) 
FILE *infile; 
FILE *outfile; 
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char *infilename; 
char *outfilename; 
int section; 
int twojercent; 
5 { 

int bytesin, 
bytesout, 
rcode = -l; 
uchar indata[256], 
1 0 outdata[256J; 

long section_bytes = 0; 
static long total_bytes, 
nextupdatc; 

1 5 /* Output the 'begin' line, but only if on the 1st section. 

* Also, clear the static variables & set up the bargraph 

* update information. 



2 0 if (section— 1) 

{ 

fprintf (outfile, "begin 644 %s\n", infilename); 
total_bytes = 0; 
next_update = two_percent; 

25 } 

bytes_in = fread (indata, 1,3* cells_per_line, infile); /* get data */ 

while (bytes_in > 0) 

{ 

3 0 bytes_out = encodeline (indata, outdata, bytes in); 

/* encodejine encodes one line of data, reading the unencoded data 

* from indata and placing the encoded data in outdata. Tt 

* then returns the total length of the encoded data line 
35 */ 

if (fwrite (outdata, 1, bytes_out, outfile) != bytes_out) 

{ 
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printf ("\a\aError writing to output file %s\n", outfilename); 
curses_refresh (); 
return -1; 

} 

5 sectionbytes += bytesout; 
totat_bytes += bytes_in; 

while (totalbytes > next_update) 

{ 

10 update_progress (UPDATE); 

nextupdate += two_percent; 

} 

/* check to see if you're near the maximum size for output files... 

1 5 * make a guess about the size of the next line. 

*/ 

if (multiple_output !^ 0 && section_bytes + bytes_out > maxsize) 
{ 

2 0 rcode = 0; 

break; 

} 

bytes_in = fread (indata, 1,3* cells_pcr_linc, infile); 

25 } 

if (bytes_in ==0) /* you're at the end of the file */ 

{ /* If you just stopped because */ 

/* of multiple_output, bytes_in */ 
30 putc (char_sct[0], outfile); /* would be > 0 and you wouldn't */ 
fprintf (outfile, "\nend\n"); /* want the 'end' line. The */ 
} /* encoded 0 tells decoders to */ 

/* stop. */ 



3 5 return rcode; 
} 
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encodeline (indata, outdata, bytes_in) 

uchar *indata; 

uchar *outdata; 

int bytesjn; 

{ 

int bytesout = 0, 



*outdata++ = charsetfbytesin]; /* Encode the line length */ 

for (i = 0; i < bytes in; i += 3) /* Encode the data line, 1 cell at */ 
{ /* a time, until all done. */ 

encodecell (indata, outdata); /* This is what actually docs the */ 
indata +=3; /* encoding of each cell! */ 

outdata +=4; /* increment all pointers and the */ 

bytes out += 4; /* number of output bytes. */ 



*outdata++ = V; /* terminate the line with a LF */ 

return bytes_out + 2; /* bytes_out + I (count) + 1(LF) */ 



2 5 encode cell (indata, outdata) 

uchar * indata; 
uchar "outdata; 
{ 

3 0/* This is just a simple table look-up into the tabic created earlier. */ 

outdatafO] = charset [((indata[0] » 2) & 63)]; 
outdata[l] = char set [(((indata[0] « 4) | (indata[l] » 4)) & 63)]; 
outdata[2] = char_sct [(((indata[l] « 2) | (indata[2] » 6)) & 63)]; 
3 5 outdata[3] = char_set [(indata[2] & 63)]; 

return 0; 

} 
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char *tempfilename; 
5 char *outfilcname; 

{ 

FILE *infile, 

•outfile = NULL; 
char infilename[64], 
1 0 newfilename[64], 
extension[4], 
indata[256], 
outdata[256]; 
int section = 1 , 

1 5 done = 0, 

rc, 

numbytes, 
line_excess, 
two_perccnt, 

2 0 mode; 

long tot size, 
last_ftell, 
cur_ftell, 
next_update, 
2 5 total_bytes = 0; 

linecount - 1 ; 

do 
30 { 

last_ftell = 0; 

strcpy (infilename, tempfilename); /* This is all basically the 
/* as the encode file set-up */ 

35 

if (no_extension (infilename)) 
if(xx_set) 
strcat (infilename, "xxe"); 
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strcat (infilename, "uue"); 

if (multiple_input) 
5 { 

if (section = 1) 
{ 

clearextension (infilename); 
totsizc = gct_size (infilename); 

10 } 

clear_extension (infilename); 
sprintf (extension, "%d", section); 
strcat (infilename, extension); 

15 } 
{ 

tot_size = get_size (infilename); 
done = 1; 

20 } 

if (section =1) 
{ 

two_percent = (49 + tot_size) / 50; 

2 5 ncxt_update = two_percent; 

printf ("0%% 1 00%%\n"); 

update progress (INIT); 

} 

3 0 printf ("Opening input file %s for decoding... \n", infilename); 

curses_refresh (); 

if ((infile = fopen (infilename, "rt")) == NULL) 

{ 

3 5 if (multiplcinput) 

{ 

printf (" Unable to open next file (%s)\n", infilename); 
printf (" ...assuming no more sections."); 
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press_key (); 
if (! interactive) 

{ 

printf ("\n"); 
5 curses_refresh (); 

} 

done = 1; 
continue; 

} 

1 0 else 

{ 

printf ("Unable to open input file %s!\n", mfilename); 
curses_refresh (); 

15 } 

} 

if (section = 1) 
{ 

2 0 /* get_outfilename searches for a 'begin' line and extracts the 

* output filename from it...if it can't find a 'begin' line, 

* it returns - 1 . It also watches for 'table' entries. 

*/ 

2 5 if (get_outfilename (newfilename, infile, &mode) = - 1) 



cur_ftell = ftell (infile); 
total_bytes += cur_ftell - last_ftell; 
30 last_ftell = cur_ftell; 

if (*outfilename = \0') /* if an alternate output */ 

strcpy (outfilename, newfilename); /* filename was specified, */ 
/* use it. Otherwise, use */ 
35 /* the one extracted from */ 

/* the data as the default */ 



printf (" uudecoded output file will be named %s\n", outfilename); 
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curses_refresh (); 

if (!ok_to_write (outfilename)) 
return -1; 

5 if ((outfile = fopen (outfilename, "wb")) = NULL) 

{ 

printf ("Error opening output file %s\n", outfilename); 
press_key (); 

10 } 

/* getexcess reads the first line after the 'begin' line and stores 

* it in indata, and then calculates the difference between the actual 

* line length & the predicted line length so find _good_data_line can 

1 5 * handle oddball encoders. Note that if the excess comes up less than 

* zero, it is set to zero. This can happen if a mailer program 

* truncates any trailing spaces from a data line, but not if the 

* encoding program inserts trailing characters to prevent this, in 
.* which case the line excess will be > 0 anyway! 

20 * 

* get_exccss also checks for the presence of an 'XX' character set, 

* and sets the xx_set parameter & builds the proper table if such 

* is detected. 
*/ 

25 

if (0ine_excess = get_excess (infile, indata)) < 0) 
{ 

printf ("Error in file %s", infilename); 
press_key (); 
3 0 return -1; 

} 

} 

else 

{ 

35 

/* find_good_data_line searches for the next line of data in which the 

* encoded length of the line is equal to the actual length of the 

* line. This is how headers & trailers are skipped... the chances of 
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* normal text meeting this condition are *small* but it might happen, 

* in which case you're basically screwed... trim off the header! 
*/ 

5 if (find_good_data_line (infile, indata, line_excess) = - 1 ) 

{ 

printf ("\aNo legitimate data found!Vn"); 
press_key (); 

10 return -1; 

} 

} 

do /* loops until there's no more valid data. */ 
15 { 

/* decodejine is the decode counterpart to encodejine */ 

if ((num_bytes = decode_line (indata, outdata)) = -1) 

2 0 else 

(write (outdata, 1, numbytes, outfde); 

curjtell = ftell (infile); 
total_bytcs += cur_ftcll - last_ftell; 

2 5 last_ftell = cur_ftcll; 

while (total_bytes > next_update) 
{ 

updatejrogress (UPDATE); 

3 0 nextupdate += two_pcrcent; 

} 

} while ((rc = find_good_datajine (infile, indata, line_excess)) = 0); 

3 5 cur_ftell = ftell (infile); 

total_bytes += cur ftell - Iast ftell; 
last_ftell = curjtell; 
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fclose (infile); 

if (rc == -1 && !multiple_input) 

{ 

5 printf ("'end' line not found!\n"); 

curses_refresh (); 

} 

if(rc=l) 
10 donc=l; 

section++; 

} while (!done && multipleinput); 

1 5 

fclose (outfile); 
return 0; 

} 

20 

int decode_line (indata, outdata) 
char *indata; 
char *outdata; 
25 { 

int num_bytes, 

char *dataptr; 

3 0 dataptr = outdata; 

/* decode the number of bytes to be output.. again, see the long commen at 
* the end of the source module. 
*/ 

35 

num_bytes = table [*indata]; 

indata++; /* advance past the counter byte */ 
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for (i = 0; i < num bytes; i += 3) /* loop over output byte count */ 
{ /* Next line does the work. */ 

decode_ccll (indata, dataptr); 

indata += 4; /* increment pointers & counters */ 

5 dataptr +=3; 
} 

return num_bytes; 

} 

10 

int dccodecell (indata, outdata) 
char * indata; 
char *outdata; 
15 { 

int i; 
char *iptr, 

2 0 /* see the big comment at the end. */ 

iptr = indata; 

for (i = 0; i < 4; i++) 

{ 

2 5 ochar = table[*iptr]; 

if (ochar> 64) 
{ 

printf ("\nFile corrupted! Bad data on line %i: %c", 
line_count, *iptr); 

3 0 cursesrefresh (); 

return -1; 

} 

else 

♦iptr = table[*iptr]; 
3 5 iptr++; 

} 

outdata[0] = (indata[0] « 2) | (indata[l] » 4); 
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outdata[lJ = (indatafl] « 4) | (indata[2] » 2); 
outdata[2] = (indata[2] « 6) | indata[3]; 
outdata[3] = '\0'; 

5 return 0; 

} 



int fmd_good_data_line (infile, indata, line_excess) 
1 0 FILE *infile; 
char *indata; 
int linecxcess; 

{ 

int length, 
1 5 elength, 

num_bytes; 



while (fgets (indata, 255, infile) != NULL) /* read a line */ 
20 } 

line_count++; 

if (strncmp (indata, "end", 3) = 0) /* Check for end of data */ 
return I; 

25 

if (!multiple_input) 
return 0; 

num_hytes = table[*indata]; /* decode the count byte */ 

3 0 elength = (( 2 + num_bytes) / 3) * 4 + 2; /* figure out how many */ 
length = strlen (indata); /* bytes this implies... */ 

/* Adding 2 makes it */ 
/* round *up* */ 

3 5 if (length == elength + Iine_excess) /* It's a good data line */ 
return 0; 



} 
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return -1; 

} 



int get_excess (infilc, indata) 
FILE *infile; 
char *indata; 

{ 

l int length, 
elength, 
num_bytes; 



if (fgets (indata, 255, infile) = NULL) /* read a line */ 
return -1; 

num_bytes = table[*indata] ; /* decode the count byte */ 

if(num_bytes==255) /* check if it's valid */ 

{ 

num_bytes = check_xx (*indata); /* see if it's XX */ 

if(num_bytes = 255) /* see if *this* one is */ 

{ 

printf ("Bad count byte!\n"); 
curses_refresh (); 

return -1; /* valid; crash if it */ 

} 

, /*i S not */ 

elength = (( 2 + num_bytcs) / 3) * 4 + 2; /* figure out how many ' 
length = strleri (indata); /* bytes this implies... */ 

/* Adding 2 makes it */ 
/* round *up* */ 

return ((length > elength) ? length - elength : 0); 



US 2003/0108061 Al 



141 



Jun. 12, 2003 



PATENT 



int get_outfilename (indata, infile, mode) 
char *indata; 
FILE *inffle; 
5 int *mode; 
{ 

char destname[64]; 

while (1) /* read lines until one of them starts with 'begin' */ 
10 { 

if (fgets ((char *)indata, 255, infile) = NULL) 

{ 

printf ("Unable to find begin line!\n'*); 
curses_refresh (), 
15 return -I; 

} 

line_count-H-; 

2 0 if (strncmp ((char *)indata, "table", 5) = 0) 

read_charset (infile); 

if (strncmp((char *)indata, "begin ", 6) == 0) 
break; 

25 } 

/* Now that a line starts with 'begin' extract the filename and open 

* mode from it and return this info. I wrote this specifically for 

* MS-DOS, so the open mode is never actually used. 

3 0 */ 

sscanf ((char *)indata, "begin %o %s", &mode, destname); 
strcpy ((char *)indata, destname); 

3 5 return 0; 

} 
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int get_parameters (argc, argv) 
int argc; 
char **argv; 

{ 

5 int i, 

long lval; 
char param; 

1 0 /* This one loops over parameters, extracting any information from 

* parameters it recognizes.. .if it sees -e or -d, it sets 

* interactive to OFF so that the program can be run from a batch. 

*/ 

15 for (i = 1; i< argc; i++) 
{ 

if(*argv[i] = '-') 

{ - 

param = toupper(*(argv[i] + 1)); 

2 0 switch (param) 

{ 

case 'C: 
val = atoi (argv[i] + 2); 
if(val>0&& val <= 19) 

2 5 cells_perjine = val; 

break; 
case 'D': 
case 'E': 

interactive = OFF; 

3 0 break; 

case T: 

showabout (); 

return -1; 
case 'M': 

3 5 multipleinput = ON; 

multiple_output = ON; 
break; 
case O': 
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overwrite = ON; 

case 'R': 
ext_set = ON; 
table_output = ON; 
break; 
case 'S': 
lval = atol (argv[i] + 2); 
if (lval > 0 && val<= 32767) 

max_size = lval; 
break; 



case 'X': 

xx_set = ON; 

break; 
default: 

printf ("Disregarding unknown parameter %c\n", param): 

curses_refresh (); 

break; 



} 

} 

} 

return 0; 



3 0 int process_command_line (argc, argv, infilename) 
int argc; 
char **argv; 
char *infilename; 
{ 

3 5 int i, 

action = NOTHING; 
char param; 
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static int start = 1; 

/* This one loops over command-line parameters, looking for -e or -d; 

* every time it finds one, it increments ths static variable 'start' 

5 * so that the next time through, it starts at the next parameter on the 

* command line. 



for (i = start; i < argc; i++) 
10 { 

if(*argvlij == '-') 

{ 

param = toupper (*(argv[i] + 1)); 
switch (param) 
15 { 

case 'C: 
break; 
case 'D': 

action = DECODE; 
2 0 strcpy (infilcname, argv[i] + 2); 

start = i + 1 ; 
break; 
case 'E': 
action = ENCODE; 

2 5 strcpy (infilcname, argvfi] + 2); 

start = i + 1; 

case T: 

3 0 case'M': 

break; 
case 'O': 

case 'S': 
3 5 break; 

case 'X': 
break; 
default: 
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} 

if (action != NOTHING) 

5 } 

} 

return action; 

} 

1 0 

void clear_exlension (filename) 

char *filename; 

{ 

1 5 char *ptr; 

/* really sophomonc.go until you get a '.' and then cut off what's 

* after it by putting a NULL byte there. If you reach a NULL byte, 

* put a '.' therc.actually it does that either way. 

2 0 */ 

ptr = filename; 

while (*ptr != '.' && *ptr != '\0') 
ptr++; 

2 5 *ptr++ = '.'; 

*ptr ='\0'; 

} 

30 

int no_extension (filename) 

char *filename; 

{ 

3 5 char *ptr; 

int extension = 0; 



ptr = filename; 
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while (*ptr != '.' && *ptr != '\0') 

ptr++; 
if (*ptr=='\0') 

{ 

5 strcat (filename, "."); 
extension = -1; 

} 

elseif(*(ptr+l) = , \0') 
extension = -1; 

0 

return extension; 



1 5 void show_about () 

{ 



clrscrQ; 



2 0 printf ("\nUUXFER ver 2.0 copyright (c) 1990 David M. Read\n\n"); 

printf ("This program is shareware, which means that you arc cntitledV); 
printf ("to use this program under the following conditions:\n\n"); 
printf ("(1) You may not distribute altered versions of the source codeW); 
printf (" or the executable. You may not distribute this program unlessW); 

2 5 printf (" all documentation files are included with it.\n"); 

printf ("(2) You may use this program without payment for a period of thirty\n"); 
printf (" (30) days, after which you must register it if you intendW); 
printf (" to continue using it. To register UUXFER, send $10 along with\n"); 
printf (" your name and current address to\n\n"); 

3 0 printf (" Blade Technologies\n"); 

printf (" Attn: David ReadW); 

printf (" 6101 Balcones Dr. Suite 300\n"); 

printf (" Austin, TX 7873 l\n\n"); 

printf ("(3) You must leave this message intact. Tf you have suggestions or\n"); 
3 5 printf (" questions concerning this program, please contact the author at\n"); 
printf (" the above address or at readdm@dopey.cc.utexas.edu\n\n"); 



curses_refrcsh (); 
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return; 

} 



int get_filenames (infilename, outfilename) 
char *infilename; 
char *outfilename; 
I 

1 0 int quit = 0; 

if (infilename = NULL || outfilename = NULL) 



1 5 clrscr(); 

#ifdef CURSES 

nocbrcak (); 
#endif 

20 

printf ("Enter input filename -=> "); 
curses_refresh (); 
gets (infilename); 
if (strlen(infilename) == 0) 
25 quit=l; 

if (quit ==0) 

{ 

printf ("Enter output filename -=> "); 
3 0 curses_refresh 0; 

gets (outfilename); 

} 

#ifdef CURSES 
3 5 cbreak (); 
#endif 



if(quit==0) 
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return 0; 
else 
return -1; 



u0 



int choice = 0, 
repaint = 1; 

char infilename[32], 
outfilename[32]; 

do 



cltscr(); 

printf ("\n\n\n\n"); 

printf (" 
printf (" 
printf (" 
printf (" 
printf (" 
printf (" 

#ifndef DUMBJO 
printf (" 
repaint = 0; 

#else 

printf ("\n\n\n\n"); 



UUXFER MENU\n\n"); 
E) Encode file\n"); 
D) Decode file\n\n"); 
I) Information\n*'); 

About Registering\n\n\ri"); 
0) Exit UUXFER\n\n\n\n\n"); 



Your choice -=>"); 



curses_refresh (); 
show_status_line (); 
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do 

{ 

5 gotoxy (43, 19); 

#ifdef CURSES 
noecho (); 
#endif 

1 0 

choice = toupper (getch()); 

#ifdef CURSES 
echo (); 

1 5 #endif 

switch (choice) 

{ 

case '0': 

2 0 case ESC: 

choice = '0'; 
clrscr(); 
continue; 
case 'E': 

2 5 repaint = 1; 

if (get_filenames (infilename, outfilename)) 
continue; 

encode_file (infilename, outfilename); 

3 0 break; 

case 'D': 
repaint = 1; 

if (getfilenames (infilename, outfilename)) 
continue; 

35 

decode_file (infilename, outfilename); 
break; 
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show_about (); 
getch(); 
repaint = 1; 
break; 
case 'A': 

multiple_output = ~multiple_output; 

show_status_line (); 

break; 
case 'M': 

multiple_input = -multipleinput; 

show status line (); 

break; 
case 'S': 

get_filesize (); 

repaint = 1; 

break; 
case 'C: 

get_cells_per_line (); 

repaint = 1 ; 

case 'X': 
xx_set = ~xx_set; 
show_status_line (); 

case T: 

table_output = ~table_output; 

show_status_line (); 

break; 
case 'R': 

ext_set = ~ext_set; 

if (ext_set) 
table_output = ON; 

show_status_Iinc (); 

case 'O': 
overwrite = -overwrite; 
show_status_line (); 
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default: 
printf ("\a"); 
choice = -1; 
break; 

5 } 

} while (choice = -1); 
} while (choice != '0'); 

return; 

10 } 



void show_status_line () 
{ 

1 5 

gotoxy (1, 23); 

printf (" A-Split = "); 
if (multiple_output) 

2 0 printf ("ON "); 

else 

printf ("OFF "); 

printf("M-Merge = "); 

2 5 if (multiple_input) 

printf ("ON "); 
else 

printf ("OFF "); 

3 0 printf ("S-Max file size = %61d ", maxsize); 

printf ("C-Cells = %2d\n", cells jjerjine); 

printf (" X-XXset="); 
if (xxset) 
3 5 printf ("ON "); 
else 

printf ("OFF "); 
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printf ("T- Write table = "); 
if (tableoutpuf) 
printf ("ON "); 

5 printf ("OFF "); 

printf ("R-Ext. set = "); 
if(ext_set) 

printf ("ON "); 
1 0 else 

printf ("OFF "); 

printf ("O-Overwrite = "); 
if (overwrite) 
15 printf ("ON "); 
else 

printf ("OFF "); 
cursesrefresh (); 

20 

return; 

} 



2 5 void get_cells_perlinc () 

{ 

char buffer[32]; 



30 do 

{ 

clrscr(); 

printf ("There may.not be less than 1 cell or more than 19 on a line.Vn"); 
3 5 printf ("Enter number of output cells per line, or - 1 to abort: "); 
curses refresh (); 
gets (buffer); 
num = atol (buffer); 
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if (num > 19) 
num = 0; 

} while (num = 0); 

if (num > 0) 
cells jerline = num; 



void get filesize () 

{ 

1 5 char buffer[32]; 

do 

2 0 clrscr(); 

printf ("Enter maximum size for output encoded data, or -1 to abort: "); 
curses_refresh (); 
gets (buffer); 

2 5 num = atol (buffer); 

} while (num == 0); 

if(num>0) 

3 0 max_size = num; 

} 

35 

int ok_to_write (filename) 

char *filename; 

{ 
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FILE *temp; 
char choice; 

temp = fopen (filename, "r"); 
5 if(temp==NULL) 
return -1; 

fclose (temp); 

1 0 if (overwrite) 
return -1; 

printf("\n File %s already exists. ", filename); 
cursesrefresh (); 

1 5 

if (interactive) 

{ 

printf ("Overwrite? (N/y) "); 
curses_re fresh (); 

2 0 while ((choice = toupper (getch())) != 'Y' && choice != TNT) 

printf ("\n"); 
curses_refresh (); 
if (choice = 'Y') 

2 5 return -1; 

} 

return 0; 

} 

30 

int build table () 

{ 

char *ptr; 

3 5 int i, 

entry; 



ptr = (char *)table; /* clear table */ 
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for (i = 0; i < 128; i++) 
*(ptr++)= 127; 

ptr = (char *) char_set; /* fill table */ 
5 for (i = 0; i < 64; i++) 
{ 

entry = *(ptr++) & 127; 
if (table [entry] != 127) 
return - 1 ; 
1 0 table [entry] = i; 

} 

if (!(xx_set || ext_set)) /* i.e. we're using the standard 'uu' set */ 
table[' '] = 0; /* make it decode ' ' the same as ' */ 

1 5 

return 0; 

} 

2 0 void build_uu_chars () 

{ 

inti; 

for (i = 0; i < 64; i++) 
2 5 uu_chars [i] = i + 32; 

uu_chars[0] = 96; /* use ' instead of space */ 

return; 

30 } 



int read_charset (infile) 
FILE *infile; 
35 { 

uchar ch, 
line[256], 
*ptr; 
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5 for(i = 0;i<64;) 

{ 

len= strlen (fgets ((char *)line, 255, infile)); 
if(len<=0) 
return -1; 

1 0 

line_count++; 

if (strncmp ((char *)line, "begin ", 6) =- 0) 
break; 

1 5 

ptr = line; 
do 

ch = *ptr; 

2 0 if(ch = '\n') 

break; 

if(ch>0&& ch<128) 

f 

ext_chars [i] = ch; 

2 5 i++; 

len-; 
ptr++; 

} 

} while (len > 0); 

30 } 

if (i < 64) 

{ 

printf ("Invalid character table! (not enough characters in table)\n"); 

3 5 curses_refresh (); 

return -1; 

} 
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char_set = ext_chars; 
if(build_table () != 0) 
{ 

printf ("Invalid character table! (table build failed)\n"); 
5 curses_refresh (); 
return -1; 

} 

return, 0; 

10 } 



int writetable (outfile) 
FILE *outfile; 
15 { 

int i; 

fprintf (outfile, "table\n"); 

2 0 for (i = 0; i < 32; i++) 

fputc (char_set [i], outfile); 
fputc ('\n', outfile); 

for (i = 32; i < 64; i++) 

2 5 fputc (char_set [i], outfile); 

fputc ('\n', outfile); 

return 0; 

} 

30 

int read_external_set () 
{ 

FILE *fileptr; 

3 5 int rc; 



if ((fileptr = fopen ("TABLE. UUX", "rt")) = NULL) 
return -1; 
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rc = read_charset (fileptr); 
fclose (fileptr); 

5 

return rc; 

} 

1 0 int check_xx (byte) 

int byte; 

{ 

int i; 

15 for (i = 0; i < 64; i++) 

if (xx_chars[i] = byte) 
break; 

if (i == 64) 

2 0 return table[bytc] ; 

xx_set = ON; 
char_set = xx_chars; 
build_table(); 

25 

return tablefbyte]; 

} 



3 0 long get_size (filename) 
char *filename; 

{ 

int i; 

long tot_size; 
3 5 FILE *fileptr; 

char cxtension[5]; 
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if (Imultipleinpuf) 

{ 

if ((fileptr - fopen (filename, "rt")) = NULL) 
return -1; 
5 totsize = filesize (fileptr); 

fclose (fileptr); 

return tot size; 

10 } 

tot_size = 0; 
for(i= 1; 1; i++) 
{ 

1 5 clearextension (filename); 

sprintf (extension, "%d", i); 
strcal (filename, extension); 

if ((fileptr = fopen (filename, "rt")) = NULL) 

2 0 break; 

tot_size += filesize (fileptr); 

fclose (fileptr); 

} 

25 

return tot_size; 

} 



3 0 #ifndef DUMBJO 

int update_progress (mode) 

int mode; 

{ 

3 5 static int lastx, 
lasty; 
int curx, 
cury; 
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if(mode = INIT) 

{ 

lastx — wherex(); 
5 lasty = whcrcyO; 
printf ("\n"); 

} 

cuix = wherex(); 

1 0 cury = wherey(); 

gotoxy (lastx, lasty); 
#ifdef CURSES 

addch (UPD ATE_C H AR) ; 
1 5 refreshO; 
#else 

putchar (UPDATE_CHAR); 
#endif 
lastx = wherex(); 

2 0 lasty = wherey(); 

gotoxy (curx, cury); 
return 0; 

25 } 

#clsc /* dumb I/O */ 

int update progress (mode) 

3 0 int mode; 

{ 

static int num_calls; /* will store # of times this routine has */ 
/* been called. */ 

3 5 if(mode = INIT) 
{ 

numcalls = 0; 
printf (" "); 
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What is claimed is: 

1 . A buflcrlcss switch lor coupling lo a plurality of F( Al . 
nets and having a crossbar switch and FCAL loop interface 
port circuits structured to use the OPN and RRDY primitives 
of the FCAL protocol for hold back flow control to eliminate 
the need for a buffer and said ports and crossbar switch 
structured to provide multiple simultaneous loop tenancies. 

2. Abufferless switch for coupling to a plurality of FCAL 
nets and having a crossbar switch and FCAL loop interface 
port circuits structured to use the OPN and RRDY primitives 
of the FCAL protocol for hold back flow control to eliminate 
the need for a buffer and said ports and crossbar switch 
structured to provide dual simplex communication across 
said switch. 

3. Abufferless switch for coupling to a plurality of FCAI. 
nets and having a crossbar switch and FCAI loop interface 
port circuits structured to use the OPN and RRDY primitives 
of the FCAL protocol for hold back flow control to eliminate 
the need for a buffer and said ports and crossbar switch 
structured to provide multiple simultaneous loop tenancies 
and dual simplex communication across said switch, each 
said port including a local bypass data path which can be 
switched to keep primitives and data frames generated on a 
local FCAL net coupled to said port routed so as to stay on 
said local FCAL net such that local loop tenancies on each 
local FCAL net coupled to a port which do not involve 
transmission of data or primitives from one port to another 

learning memory means for storing a routing table and 
scoreboard table, and functioning to fully cache the 8-bit 
addresses of all nodes on each said local FCAL net coupled 
to a port along with the ID of the port coupled to each node 
in said routing table and the busy, available or no privilege 
status of each other port and whether each busy port is 
available for dual simplex communications in said score- 
board table, each port structured to w rile llie contents of each 
said routing table and scoreboard table by learning either 
from watching local traffic in said port bound for local 
destination nodes or remote traffic leaving said port and 
crossing said crossbar switch bound for remote destination 
nodes or by conducting an active discovery process, each 
port structured to write the contents of said scoreboard table 
by learning from watching messages posted on a protocol 
bus, each said port structured lo use destination addresses in 
OPN primitives transmitted by nodes on said local FCAL net 
as search keys lo search said routing table In determine 
whether the destination node is local or remote and to which 
port it is connected and, if local, to switch said local bypass 
to keep the loop tenancy confined to said local FCAL net, or, 
if remote, to generate a connection request message to said 
port coupled to said destination node, each said port being 
structured to receive such connection requests and respond 
by arbitrating for control of its local FCAL net and pick a 
data path through said crossbar switch and generate a reply 
message naming the data path through said crossbar switch 
to use in exchanging Jala frames and primitives, each said 
port also being structured to respond to receipt or generation 
of said reply message by generating commands to establish 
said data path named in said reply message through said 
crossbar switch, each said port also structured to circulate a 
fairness token on a fairness token bus coupled to all such 
ports and to used said fairness token to increase its priority 
level of access privilege to busy nodes when the fairness 
token is in possession of the port so that no port can be 



starved, and then to circulate said fairness token to a 
neighboring port such that all ports eventually get said 
fairness token. 

4. The apparatus of claim 1 wherein said port circuits are 
each integrated on a single integrated circuit with a portion 
of said crossbar switch. 

5. The apparatus of claim 2 wherein said port circuits are 
each integrated on a single integrated circuit with a portion 
of said crossbar switch. 

6. The apparatus of claim 3 wherein said port circuits are 
each integrated on a single integrated circuit with a portion 
of said crossbar switch. 

7. A switch for selectively, concurrently coupling the 
nodes on a plurality of a Fibre Channel Arbitrated Loops 
together comprising: 

a multiplexed bus; 

a crossbar switch; 

a plurality of switch control means, each for coupling to 
one local FCAL network, and each coupled to said 
multiplexed bus and coupled to said crossbar switch, 
each for receiving OPN primitives from a source node 
on the local FCAL network to which it is coupled and 
determining if the destination node identified in said 
OPN is on said local FCAL network, and, if so, routing 
the OPN to the destination node via the local FCAL 
network, but if the destination node is not on said local 
FCAL, transmitting a destination node location request 
and the destination address of the destination node 
identified in said OPN primitive to all said other switch 
control means via a channel on said multiplexed bus, 
and for scanning messages received back from said 
other switch control means via a channel on said 
multiplexed bus to determine which switch control 
means and local FCAI. network to which How control 
primitives and data are to be transferred to accomplish 
the desired data transfer, and wheu a grant message is 
received from another switch control means indicating 
said other switch control means is the place to send 
flow control primitives and data and indicating that the 
FCAL to which said other switch control means is 
coupled is available for a loop tenancy, for cooperating 
with said other switch control means to establish a data 
transfer path across said crossbar switch, and using said 
data transfer path to transfer flow control primitives 
between said source and destination nodes, and each 
switch control means also for receiving destination 
node location requests and destination addresses, and 
using said destination address to search a table of 
destination addresses of nodes on the local FCAL of 
said switch control means to determine if the destina- 
tion node identified in said destination node location 
request is on the local FCAL to which said switch 
control means is coupled, and, if so, for arbitrating for 
control of said local FCAI. and, when control is won, 
sending a grant message back to said switch control 
means which initiated said destination node location 
request identifying the switch control means coupled to 
the local FCAL on which said destination node is 
resident and for sending one or more messages to said 
switch control means which initiated said destination 
node location request for purposes of controlling estab- 
lishment of said data transfer path across said crossbar 
switch. 
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8. A packet switching switch for coupling a pluralitj of 
Fibre Channel NL nodes and/or Fibre Channel Arbitrated 
Loop network (herafter FCAL nets) together to all concur- 
rent data exchanges between a plurality of pairs comprised 
of one NL node or FCAL net and one other NL node or 
FCAL net, comprising: 

a crossbar switch; 
a protocol bus; 

a plurality of port circuits each having an input and an 
output for connecting to an FCAL net coupled to one or 
more NL nodes and capable of implementing a Fibre 
Channel loop protocol, and each having a crossbar 
switch port coupled to said crossbar switch, 

means coupled to said protocol bus for maintaining a 
scoreboard table containing at least status information 
and a routing table either centrally located or in each 
port circuit, said routing table containing data mapping 
destination addresses of NL nodes to port IDs; 

and wherein said port circuits are coupled to said means 
for maintaining a scoreboard table and routing table 
and wherein said port circuits function to establish 
connections between themselves by using destination 
addresses in OPN primitives received from source 
nodes to search said routing table to determine the ID 
of a remote port coupled to the destination node having 
the destination address in the OPN and, using that port 
ID to search said scoreboard table to determine status 
of the remote port, and then exchanging messages with 
said remote port to cause it to arbitrate for and take 
control of its local FCAL net and establish a particular 
channel through said crossbar switch and use said 
channel to transmit primitives and data frames between 
said source node and said destination node. 

9. The apparatus of claim 8 where said switch is structured 
to be capable of operating at high throughput rate, but 
neither said crossbar switch nor said port circuits have the 
amount of memory that would be needed in a fabric switch 
to operate at the same throughput rate. 

10. The apparatus of claim 8 wherein said port circuits arc- 
not FL_ports. 

11. The apparatus of claim 8 wherein said port circuits 
have no error recovery protocols and are structured to use 
hold back flow control such that frames are not transmitted 
until the connection is established through said crossbar 
switch to the destination node and is ready to stream the data 
directly from the source node to the destination node without 
ever buffering the data and never dropping a frame. 

12. The apparatus of claim 8 wherein each said port circuit 
is structured to use the destination address tag of an FCAL 
net OPN primitive as a routing address and search key to 
search said routing table of destination addresses and struc- 
tured to establish and update the contents of said routing 
table by learning the locations of destination nodes by 
watching traffic passing through said port, said routing table 
comprising a destination address and the ID of the particular 
port to which data and primitives of an FCAL loop tenancy 
arc to be sent to communicate with the NL node having that 
destination address, said port circuits also structured to use 
the routing information derived from said search to search 
said scoreboard table and exchange messages with said 
remote port over a protocol bus to cause said remote port to 
begin arbitrating and to select a particular data path through 



said crossbar switch and to control switching by said cross- 
bar switch to establish the selected data path. 

13. The apparatus of claim 8 wherein said crossbar switch 
is distributed and a portion of it is integrated together with 
one or more of said port circuits on a single integrated circuit 
die. 

14. A process for communicating data between a source 
node and a destination node through one or more ports of a 
switch in a Fibre Channel protocol network, comprising: 

1) in a source node, arbitrating for and winning control of 
a first FCAL net and transmitting an OPN primitive 
thereon, said OPN primitive having a destination 
address of a destination node therein; 

2) receiving and latching at a first port of said switch said 
OPN primitive from said source node coupled to said 
first port by said first FCAL net; 

3) using the destination address in said OPN primitive as 
a search key to search a routing table to find the 
location of a destination node having said destination 
address or the II) of a port coupled by an I'OAI ncl lo 
said destination node, or both, and, if the destination 
node is coupled to said first porl, passing said OPN 
primitive to said destination node via said first port via 
a local bypass data path coupling an input of the first 
port to an output of the first port coupled to the first 
FCAL net, but, if said destination node is coupled to a 
second port other than said first port, controlling a 
crossbar switch to establish a data path between said 
first and second ports and determining if said second 
port is available, and, if so, sending said OPN primitive 
to said second port indicating traffic is waiting to be 
sent to said destination node and latching said OPN in 
said second port; 

4) in said second node, arbitrating for control of a second 
FCAL net coupled to said second port; 

5) when control of said second FCAL net is won follow- 
ing said arbitration, forwarding said OPN to said des- 
tination node; 

6) receiving an RRDY primitive or a CLS primitive from 
said destination node in said second porl and transmit- 
ting said primitive to said source node through said 
crossbar switch, said first port and said first FCAL net; 
and 

7) continuing to pass data frames and primitives between 
said source and destination nodes, until a CLS primi- 
tive is transmitted by either said source node or said 
destination node, and then closing said data path 
through said crossbar switch and relinquishing control 
of said first and second FCAL nets. 

15. The process of claim 14 wherein step 1 further 
comprises the steps of transmitting from said source node 
one or more RRDY primitives immediately following trans- 
mission of said OPN primitive, each RRDY primitive rep- 
resenting one frame buffer of credit which has been reserved 
in memory to store a frame of data transmitted back from 
said destination node to said source node, and wherein step 
2 further comprises the step of storing any RRDY primitives 
that were transmitted following said OPN transmitted by 
said source node, and wherein step 5 further comprises the 
step of forwarding any RRDY primitives received from said 
source node to said destination node, and wherein step 6 



US 2003/0108061 Al 



164 



Jun. 12, 2003 



further comprises the steps of receiving any data frames 
output by said destination node in response to receipt of one 
or more RRDY primitives from said source node and 
transmitting said data frames to said source node through 
said one or more ports of said switch. 

16. The process of claim 14 wherein the step of deter- 
mining if said second port is available in step 5 comprises 
the steps of using said ID of the port coupled to said 
destination node determined by searching said routing table 
with the destination address in the OPN primitive received 
from the source address as a search key to search a score- 
board table which stores port status information for every 
port and using said status information to determine if the 
port coupled to said destination node is available where said 
stains information indicates whether or not the I ■'( Al net on 
which the destination node resides is currently busy in a loop 

17. A packet switching switch for coupling a plurality of 
Fibre Channel NL nodes and/or Fibre Channel Arbitrated 
Loop network (herafter FCAL nets) together to all concur- 
rent data exchanges between a plurality of pairs comprised 
of one NL node or FCAL net and one other NL node or 
FCAL net, comprising: 

a crossbar switch; 

a protocol bus; 

a plurality of port circuits each having an input and an 
output for connecting to an FCAL net coupled to one or 
more NL nodes and capable of implementing a Fibre 
Channel loop protocol, and each having a crossbar 
switch port coupled to said crossbar switch; 

circuitry in each said port circuit and coupled to said 
protocol bus for maintaining a scoreboard table con- 
taining at least status information and a routing table 
containing data mapping destination addresses of NL 
nodes to port IDs; 

and wherein said port circuits function to establish con- 
nections between themselves by using destination 
addresses in OPN primitives received from source 
nodes to search said routing table to determine the II) 
of a remote port coupled to the destination node having 
the destination address in the OPN and, using that port 
ID to search said scoreboard table to determine status 
of the remote port, and then exchanging messages with 
said remote port to cause it to arbitrate for and take 
control of its local FCAL net and establish a data path 
via a particular channel through said crossbar switch 
and use said channel to transmit primitives and data 
frames between said source node and said destination 

18. The apparatus of claim 17 wherein each said port 
circuit includes means for storing and updating the contents 
of said routing table using a passive learning process by 
watching traffic through the port. 

19. The apparatus of claim 17 wherein each said port 
circuit includes means for storing and updating the contents 
of said routing table using an active discovery process of 
sending out inquiries to all nodes on the network. 

20. Apacket switching switch for coupling a plurality of 
Fibre Channel NL nodes and/or Fibre Channel Arbitrated 
Loop network (herafter FCAL nets) together to all concur- 
rent data exchanges between a plurality of pairs comprised 



of one NL node or FCAL net and one other NL node or 
FCAL net, comprising: 

a crossbar switch; 

a protocol bus; 

a plurality of port circuits each having an input and an 
output for connecting to an FCAL net coupled to one or 
more NL nodes and capable of implementing a Fibre 
Channel loop protocol, and each having a crossbar 
switch port coupled to said crossbar switch; 

circuitry in each said port circuit and coupled to said 
protocol bus for maintaining a routing table containing 
data mapping destination addresses of NL nodes to port 
IDs; 

and wherein said port circuits function to establish con- 
nections between themselves by latching any OPN and 
RRDY primitives received from source nodes and 
using destination addresses in OPN primitives received 
from said source nodes to search said routing table to 
determine the II) of a remote port coupled to the 
destination node having the destination address in the 
OPN, and then establishing a data path through said 
crossbar switch to said remote port and wherein each 
saiel port when it receives an OPN and any following 
RRDYs from another port via said crossbar switch, 
functioning to latch said OPN and RRDY and arbitrate 
for and take control of its local FCAL net, and con- 
tinuing to try to lake conrol of Us local I'CAI. net until 
control is achieved, and when control is achieved, 
sending said OPN and any latched RRDYs to the 
destination node, and thereafter using said data path 
through said crossbar switch to send primitives and 
data frames back and forth between said source and 
destination nodes until the transaction is completed 
without ever storing any data frames. 

21. The apparatus of claim 20 wherein each said port 
circuit includes means for storing and updating the contents 
of said routing table using a passive learning process by 
watching traffic through the port. 

22. The apparatus of claim 20 wherein each said port 
circuit includes means for storing and updating the contents 
of said routing table using an active discovery process of 
sending out inquiries to all nodes on the network. 

23. An apparatus comprising: 

a pluralily of porl means for coupling to a plurality of 

FCAL nets, each FCAL net having one or more NL 

nodes thereon; and 
switching means coupled to said plurality of port means 

for coupling selectable pairs of said port means 

together by separate channels; and 

each said port means including means for receiving an 
OPN from a source node, determining which port the 
destination node identified in the OPN is coupled to, 
and communicating with the port coupled to the des- 
tination node to select one of said channels through said 
switching means and establish said channel for com- 
munication of primitives and data frames between said 
source node and said destination node. 

24. The apparatus of claim 23 wherein each said port 
means has a priority level for access to busy destination 
nodes and wherein each port means includes means for 
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receiving and forwarding a fairness token such that said 
fairness token circulates to all other said port means, and 
wherein each said port means includes means for using said 
fairness token to increase the priority level of said port to a 
highest priority level when said fairness token is in posses- 
sion of said port. 

25. A switch for coupling a plurality of FCAL nets, 
comprising: 

a plurality of separate backplane data paths; and 
a plurality of port integrated circuits selectably coupled 
together by said separate backplane data paths, each 
integrated circuit having integrated thereon a port cir- 
cuit comprising an FCAL net interface for coupling to 
one FCAL net and a portion of a crossbar switch 
coupled to said FCAL net interface and structured so as 
to capable of coupling said port to any selectable one of 
said separate backplane data paths. 

26. The apparatus of claim 25 wherein each said port 
integrated circuit has a priority level for access to busy 
destination nodes and wherein each port integrated circuit 
includes means for receiving and forwarding a fairness 
token such that said fairness token circulates to all other said 
port integrated circuits, and wherein each said port inte- 
grated circuit includes means for using said fairness token to 
increase the priority level of said port integrated circuit to a 
highest priority level when said fairness token is in posses- 
sion of said port integrated circuit. 

27. In a distributed system comprised of a plurality of 
nodes which are data consumers and data senders coupled 
by a switch and a plurality of Fibre Channel Arbitrated 
Loops, a process for establishing one or more concurrent 
data transfers between different pairs of nodes comprising 
the steps: 

lor each desired data transfer, sending to said switch from 
a source node a request to start a loop tenancy with a 
destination node, said request being in the form of a 
Fibre Channel Arbitrated Loop (hereafter FCAL) 
primitive and including a tag which identifies the 
destination node with which data is to be exchanged; 

using said request and tag in said switch to locate the 
FCAL upon which said destination node is resident, 
establishing a data transfer path between the FCAL 
upon which said source node is resident and the FCAL 
upon which said destination node is resident. 

28. In a distributed system comprised of a plurality of 
nodes which are data consumers and data senders coupled 
by a switch and a plurality of Fibre Channel Arbitrated 
Loops, a process for establishing one or more concurrent 
data transfers between different pairs of nodes comprising 
the steps: 

(1) for each desired data transfer, sending to said switch 
from a source node a request to start a loop tenancy 
with a destination node, said request being in the form 
of a Fibre Channel Arbitrated I oop (hereafter FCAL) 
primitive and including a tag which identifies the 
destination node with which data is to be exchanged; 

(2) receiving said request and tag in a switching circuit 
coupled to the FCAL upon which said source node is 
resident and using said tag to determine from a table of 
nodes resident on said FCAL upon which said source 
node is resident if said destination node is resident 
thereon; 



(3) if said destination node is not resident on said FCAL 
upon which said source node is resident, using a control 
channel on a multiplexed bus having data transfer 
channels and control channels to circulate said request 
and tag to other switching circuits coupled each of said 
other FCALs; 

(4) in each said other switching circuit, using said tag to 
determine from a lable of nodes resident on said FCAL 
to which said switching circuit is coupled if said 
destination node is resident on a local FCAL coupled to 
said switching circuit; 

(5) generating in the switching circuit coupled to the 
FCAL upon which said destination node is resident a 
grant message identifying the FCAL upon which said 
destination node is present by inclusion of the identi- 
fication code of the switching circuit coupled to the 
FCAL on which said destination node is present in said 
grant message; 

(6) assiging one or more data transfer channels of said 
multiplexed bus to carry data of said desired data 
transfer so as to establish a data transfer path between 
said switching circuit coupled to said FCAL upon 
which said source node is present and the switching 
circuit coupled to said FCAL upon which said desti- 
nation node is present to carry the data and FCAL 
primitives of the desired FCAL protocol data transfer; 
and 

(7) using said switching circuits coupled to said FCALs 
upon which said source and destination nodes are 
resident to couple an RRDY FCAL protocol primitive 
from said destination node to said source node after 
said data transfer path across said multiplexed bus has 
been established to trigger and control the flow of data, 
and placing the data of said desired data transfer in one 
or more of said data transfer channels of said multi- 
plexed bus to carry out said data transfer. 

29. The process of claim 28 wherein said multiplexed bus 
is a time division multiplexed bus wherein some timeslots 
are dedicated as control channels and other timeslots are 
dedicated to carrying data, and wherein step (3) is accom- 
plished by placing said request and tag in a first one of said 
control channel timeslots known to all switching circuits, 
and wherein step (5) is accomplished by placing said grant 
message in a second one of said control channel timeslots 
known to all switching circuits, and wherein step (o) is 
accomplished by assigning one of said timeslots dedicated to 
carrying data to carry the data of the desired data transfer by 
locating an unused data timeslot and broadcasing the switch- 
ing circuit identification code of the switching circuit 
coupled to the FCAL upon which said destination node is 
resident to all other switching circuits such that the switch- 
ing circuit coupled to the FCAL upon which said source 
node is resident knows which timeslot to used to transfer 
further primitives and frame data to said switching circuit 
coupled to said FCAL upon which said destination node is 
resident, and wherein step (7) is accomplished by receiving 
data frames from said source node, marking the beginning 
and ending of every frame with a delimiter, breaking each 
frame into timeslot sized pieces, and placing the pieces data 
of said desired data transfer into the timeslot assigned in step 
(6) for transfer to said switching circuit coupled to said 
FCAL upon which said destination node is resident. 
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30. In a distributed system comprised of a plurality of 
nodes which are data consumers and data senders coupled 
by a switch and a plurality of Fibre Channel Arbitrated 
Loops, a process for establishing one or more concurrent 
data transfers between different pairs of nodes comprising 
the steps: 

(1) for each desired data transfer, sending to said switch 
from a source node a request to start a loop tenancy 
with a destination node after arbitrating for and win- 
ning control of the FCAL upon which said source node 
is resident, said request being in the form of FCAL 
OPN primitive and including a tag which identifies the 
destination node with which data is to be exchanged; 

(2) receiving said request and tag in a switching circuit 
coupled to the FCAL upon which said source node is 
resident and using said tag to determine from a table of 
nodes resident on said FCAL upon which said source 
node is resident if said destination node is also resident 
thereon; 

(3) if said destination node is not resident on said FCAL 
upon which said source node is resident, using a control 
channel on a multiplexed bus having data transfer 
channels and control channels to broadcast a destina- 
tion node location request and the destination address 
of the destination node identified in said OPN primi- 
tive, said request requesting other switching circuits 
coupled each of said other FCALs to search their tables 
to determine which of them is coupled to the FCAL to 
which the destination node is connected; 

(4) in each said other switching circuit, using said desti- 
nation address as a search key to search a table of 
addresses of nodes resident on said FCAL to which said 
other switching circuit is coupled 

(5) if said destination node is resident on a local FCAL 
coupled to said switching circuit and is available for a 
transaction, generating a grant message in the switch- 
ing circuit coupled to the FCAL upon which said 
destination node is resident, said grant message iden- 
tifying the FCAL upon which said destination node is 
present by inclusion of the identification code of the 
switching circuit coupled lo the FCAL on which said 
destination node is present in said grant message; 

(6) establishing a data transfer path between said switch- 
ing circuit coupled to said FCAL upon which said 
source node is present and the switching circuit coupled 
to said FCAL upon which said destination node is 
present to carry the data and FCAL primitives of the 
desired FCAL protocol data transfer; and 

(7) using said switching circuits coupled to said FCALs 
upon which said source and destination nodes are 
resident and the data path established in step 6 to couple 
an RRDY FCAL protocol primitive from said destina- 
tion node to said source node after said data transfer 
path has been established to trigger and control the flow 
of data, and transferring data over said data transfer 
path between said source and destination nodes. 

31. The process of claim 30 wherein step 6 is accom- 
plished by receiving the grant message at said switching 
circuit coupled to said FCAL upon which said source node 
is resident and generating suitable steering signals to a 
crossbar switch which functions to selectively couple all 



switching circuits to each other under the influence of 
steering signals received from said switching circuits, said 
steering signals received from said s\\ itching circuit coupled 
to said FCAL upon which said source node is resident 
causing said crossbar switch to establish a data path con- 
nection between said switching circuit coupled to said FCAL 
upon which said source node is resident and said switching 
circuit coupled to the FCAL on which the destination node 
is resident. 

32. A switch for selectively, concurrently coupling the 
nodes on a plurality of a Fibre Channel Arbitrated Loops 
together comprising: 

a multiplexed bus; 

a plurality of switch control means, each for coupling to 
one local FCAL network, and each coupled to said 
multiplexed bus, each for receiving OPN primitives 
from a source node on the local FCAL network to 
which it is coupled and determining if the destination 
node identified in said OPN is on said local FCAL 
network, and, if so, routing the OPN to the destination 
node via a local traffic data path in said switch control 
means and the local FCAL network, but if the desti- 
nation node is not on said local I \l transmitting a 
destination node location request and the destination 
address of the destination node identified ill said OPN 
primitive to all said other switch control means via a 
channel on said multiplexed bus, and lor scanning 
messages received back from said other switch control 
means to determine which switch control means and 
local FCAL network to which flow control primitives 
and data are to be transferred to accomplish the desired 
data transfer, and when a grant message is received 
from another switch control means indicating said other 
switch control means is the place to send flow control 
primitives and data and indicating that the FCAL to 
which said other switch control means is coupled is 
available for a loop tenancy, for cooperating with said 
other switch control means to establish a data transfer 
path across said multiplexed bus, and using said data 
transfer path to transfer flow control primitives between 
said source and destination nodes, and each switch 
control means also for receiving destiuatii ode loca- 
tion requests and destination addresses, and using said 
destination address to search a table of destination 
addresses of nodes on the local FCAL of said switch 
control means to determine if the destination node 
identified in said destination node location request is on 
the local FCAL to which said switch control means is 
coupled, and, if so, for arbitrating for control of said 
local FCAL and, when control is won, sending a grant 
message back to said switch control means which 
initiated destination node location request identifying 
the switch control means coupled to the local FCAL on 
which said destination node is resident and for sending 
one or more messages to said switch control means 
which initiated said destination node location request 
for purposes of controlling establishment of said data 
transfer path. 

33. A switch for selectively coupling pairs of nodes on a 
plurality of FCAL nets to each other for one or more 

data path circuitry having a plurality of parallel point-to- 
point transmit/receive channels and multiplexing cir- 
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cuitry to selectively couple individual ones of said 
transmit/receive channels to transmit-receive termi- 

a protocol bus; 

a plurality of ports each port for interfacing a local FCAL 
net to said data path circuitry, each port coupled to said 
protocol bus and comprising: 

a serializer/deserializer circuit having terminals for 
coupling to an FCAL net and having demultiplexing 
circuitry to convert incoming differential, encoded 
serial data from said FCAL net to multi-bit charac- 
ters and having clock recovery circuitry to recover a 
receive clock therefrom and having multiplexing 
circuitry for receiving a plurality of inulli-bil char- 
acters and converting them into a differential, 
encoded serial data stream; 

an elastic buffer to receive multi-bit characters from 
and send multi-bit characters to said serializer/dese- 
rializer circuit and absorb the differences in transmit 

a routing table memory storing mappings between 
destination node addresses and port IDs of the port 
coupled to each destination node; 

scoreboard means for storing status information; 

one or more state machine means coupled to said 
elastic buffer, said routing table memory, said score- 
board means and said protocol bus and at least to said 

for using said routing table memory contents for 
determining whether destination nodes identified in 
OPN primitives received from source nodes on said 
local FCAL net are local or remote and using the data 
content of said scoreboard means to determine if 
connection to a destination port coupled to said 
destination node is permissible and transmitting a 
connection request on said protocol bus to said 
destination port requesting a connection thereto and 
using the contents of a connect response frame 
output by said state machine means of said destina- 
tion port on said protocol bus for controlling said 
data path circuitry to implement full duplex connec- 
tions between said local source and remote destina- 
tion nodes or to implement full or half duplex 
connections to remote destination nodes, and for 
implementing logic and control functions to control 
said data path circuitry to carry out a dual simplex 
connections so as to send data and primitives from a 
source node on said local FCAL net to a remote dual 
simplex destination node coupled to some other port 
which is a source node in another half duplex loop 
tenancy and receive buffer credit flow control primi- 
lives back from said dual simplex destination node 
and to respond to each said buffer credit How control 
primitive by transmitting a frame of data to said dual 
simplex destination node, said state machine means 
also structured for sending flow control primitives to 
a third port for transmission to a third node and 
receive OPN and CLS primitives and data frames 
from said third node when said third port has estab- 
lished a dual simplex connection to said port through 
said data path circuitry, and transmit data frames and 



CLS primitives received from said third node to said 
source node if and only if said data frames are 
directed to said source node as indicated by said 
OPN received from said third node. 

34. The apparatus of claim 33 wherein said state machine 
means includes means for receiving configuration com- 
mands at a management interface port causing said state 
machine means to control said data path circuitry to assign 
and couple one or more transmit-receive channels to a 
corresponding number of one or more receiving ports on a 
continuing basis until no other transmit-receive channels are 
available to service conv ersations between pairs of ports and 
then release one or more of said assigned channels to service 
a conversation between pairs of ports which currently do not 
have an assigned channel. 

35. The apparatus of claim 33 wherein said state machine 
means in every port includes means for receiving configu- 
ration commands at a management interface port causing 
said state machine means to control said data path circuitry 
to assign and couple a transmit-receive channel to said port 
if it is coupled to either the source node or destination node 
of a desired loop tenancy defined by an initial OPN primitive 
transmitted by said source node and to maintain said con- 
nection until either said loop tenancy is terminated, and, 
thereafter, to control said data path circuitry to release said 
channel and to control said state machine to publish a 
responder channel idle data frame on said protocol bus. 

36. The apparatus of claim 33 wherein each said state 
machine means in every port includes means for circulating 
a fairness token to guarantee remote access fairness to ports 
by rotating a fairness token that guarantees high priority 
access among all ports. 

37. The apparatus of claim 33 wherein each said state 
machine means in every port includes means for escalating 
a no-priority request to a low -priority request based upon the 
number of consecutive denials of access issued by a state 
machine means of a remote port. 

38. The apparatus of claim 36 wherein each said state 
machine means in every port includes means for escalating 
a no-priority request to a low-priority request based upon the 
number of consecutive denials of access issued by a state 
machine means of a remote port. 

39. The apparatus of claim 33 wherein every state 
machine means further comprises means to originate and 
receive broadcast sequences. 

40. Abufferless switch for coupling to a plurality of FCAL 
nets and having a crossbar switch and 1 CAI. loop interface 
port circuits structured to use the OPN and RRDY primitives 
of the FCAL protocol for holdback flow control to eliminate 
the need for a buffer and said ports and crossbar switch 
structured to provide multiple simultaneous loop tenancies 
during switch mode or to couple all FCAL nets together as 
one big FCAL net during hub mode, and wherein said switch 
can be switched back and forth between hub mode and 
switch mode by going through an intermediate locked mode. 

41. A process for carrying out dual simplex communica- 
tions in a FCAL switch coupling a plurality of FCAL nets, 
comprising: 

receiving and latching an OPN and at least the source 
node address thereof identifying the address of said 
source node and receiving any following buffer credit 
RRDY primitives and either storing said RRDYs or 
counting the number thereof at a source port from a 
source node on the local FCAL net coupled to said 
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source port, said OPN directed to a remote destination 
node on the FCAL net coupled to a remote port; 

establishing a front channel connection through a back- 
plane between said source port and said destination 
port; 

converting said OPN to half duplex and transmitting said 
half duplex OPN to said destination OPN over said 
front channel; 

receiving any RRDY primitives from said destination 
node and transmitting them to said source node via a 
back channel; 

receiving a connection request message from a third port 
coupled to a third node and granting said connection 
request by a connection grant message to said third port 
coupled to said third node, said connection grant mes- 
sage naming a backplane channel to use for a back 
channel connection between said source node and said 
third node; 

establishing a backchanncl connection between said 
source port and said third port through said backplane 
channel named in said connection grant message; 

transmitting an-OPN directed to said source node from 
said third node to said source port; 

comparing the destination node address in said OPN from 
said third port to the node address of the OPN originally 
received by said source port, and, if the addresses 
match, quashing the OPN from said third port and 
cither transmitting one stored RRDY received from 
said source node to said third node or transmitting a 
message which causes said third port to generate an 
RRDY and transmit it to said third node; 

transmitting one frame of data from said third node to said 
source node via said back channel connection; and 

continuing to intercept RRDY primitives transmitted by 
said source node and send them to said third node and 
to receive frames of data transmitted in response to 
receipt at said third node of said RRDYs and transmit 
said frames to said source node via said back channel 
connection and mix said frames of data on said back 
channel connection with RRDY primitives received 
from said destination node. 

42. A process for dual simplex communication using a 
switch coupling a plurality of FCAL nets, comprising: 

establishing a front channel half duplex data path between 
a source node and destination node on different FCAL 
nets and stripping and storing or counting any buffer 
credit RRDY primitives output by said source node and 
not transmitting them to said destination node; 

establishing a back channel data path between a third 
node and said source node but not transmitting to said 
source node any OPN primitive emitted by said third 
node, and transmitting a number of RRDYs either 
equal to the number of RRDYs output by said source 
node or the number of RRDYs needed by said third 
node to send all the data it has to said source node 
before closing said back channel connection, transmis- 
sion of said RRDYs being one at a time; and 



receiving any RRDYs transmitted by said destination 
node and mixing them in with data frames and/or 
primitives transmitted on said back channel by said 
third node so as to exercise flow control on transmis- 
sions of data frames from said source node to said 
destination node. 

43. A process for dual simplex communication using a 
switch coupling a plurality of FCAL nets, comprising: 

1) receiving a full duplex OPN(Dest, Src) from a source 
node designating a destination node address, Dcsl, and 
a source node address, Src, and converting the full 
duplex format OPN(Dest, Src) to a simplex or half 
duplex format OPN(Dest, Dest) and establishing a front 
channel connection to said destination node; 

2) storing the full duplex OPN including at least the 
source node address in a source port of said switch 
coupled to said source node; 

3) stripping any buffer credit RRDYs output by said 
source node and not transmitting said RRDYs outpul 
by said source node to said destination node of said 
front channel connection, but either storing or counting 
said RRDYs output by said source node and making 
them available to a third node to send data to said 
source node either by transmitting stored RRDYs out- 
put by said source node one at a time to said third node 
or by conveying the number of RRDYs output by said 
source node to a third port coupled to said third node 
and synthesizing in said third node a number of RRDYs 
equal to the value of said count and sending said 
RRDYs to said third node one at a time; 

4) updating the status data in a scoreboard memory of 
each port to indicale which busy ports are coupled to 
source nodes of fronl channel conneclions and thus are 
available to receive frames in dual simplex communi- 
cation from third nodes; 

5) establishing a back channel connection from said third 
node to said source node of said front channel connec- 
tion and transmitting an OPN from said third node to 
said source port, and using said stored source node 
address from said OPN transmitted by said source node 
and stored in said source port as an access key to 
compare to the destination node address of said OPN 
transmitted to said source port by said third node via 
said back channel connection and allowing dual sim- 
plex communication to proceed on said back channel if 
said source node address matches said destination node 
address of said OPN from said third node, but if there 
is no match, blocking dual simplex communication 
with this particular third node and closing said back 
channel connection; 

6) deleting said OPN from said third node in said source 
port and never transmitting it to said source node if the 
destination address of the OPN from said third node 
matches the stored source address of the stored OPN 
from said source node; and 

7) receiving data frames transmitted by said third node at 
said source port with one data frame transmitted in 
response to each RRDY received by said third node, 
and mixing said data frames in with RRDYs received 
from said destination node via said front channel eon- 
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nection and transmitting the combined data frames and 
RRDYs to said source node via said back channel 

44. A switch apparatus comprising a plurality of inte- 
grated circuits each comprising a slice of an FCAL switch 
and coupled together to form said FCAL switch, each 
integrated circuit ha\ ing a plurality of port circuits, each port 
circuit having substantially less bul'lci memory to store data 
than prior art FL ports in prior art fabric switches, each said 
integrated circuit also comprising a portion of a distributed, 
scale able crossbar switch such that any number of said 
integrated circuit slices can be coupled together to form an 
FCAL switch which has as many ports as are necessary for 
the size of network in which the switch is to be used, limited 
only by the available FCAL address space of 128 nodes. 

45. Lhe apparatus of claim 44 wherein said crossbar 
switch is structured such that when all of said integrated 
circuits are coupled together, a complete crossbar switch is 
formed, said integrated circuit or circuits including a lookup 
table and circuitry to use the destination address of an ( )PN 
primitive arriving from a local FCAL net coupled to a port 
circuit to access said lookup table to determine the FCAL net 
and port coupled to a destination node having that destina- 
tion address and to determine whether to make connections 
so as to forward the OPN back onto the local FCAL net from 
which the OPN arrived and keep any subsequent data frames 
and primitives on the local FCAL net or to forward the OPN 
to another port on the same integrated circuit for coupling 
onto its FCAL net and transmit subsequent data frames and 
primitives between the FCAL net coupled to the port which 
received the OPN and the FCAL net coupled to another port 
on the same integrated circuit having the destination node 
identified in said OPN or to make connections through said 
crossbar switch to forward said open to a port on another 
integrated circuit and an FCAL net coupled to said port and 
said destination node and to transfer any subsequent data 
frames and primitives between said FCAL nets coupled to 
different integrated circuits through said crossbar switch and 
the ports coupled to said FCAL nets. 

46. The switch of claim 44 wherein said port circuits and 
crossbar switch circuitry are structured so as to be capable 
of cooperating to implement dual simplex communications. 

47. The switch of claim 44 wherein said switch contains 
a memory for storing configuration data and wherein said 
configuration data contains programmable data indicating 
whether or not dual simplex communication is allowed, and 
wherein said port circuits and crossbar switch circuitry are 
structured so as to be capable of cooperating to implement 
dual simplex communications when said configuration data 
indicates dual simplex communication is allowed. 

48. Aprocess for insuring fairness is achieved in an switch 
having a plurality of switch ports, each coupled to a an 
FCAL net having one or more nodes coupled thereto, 
comprising: 

assigning each switch port a priority level for use in 
arbitration between conflicting connect requests from 
multiple switch ports to the same destination port; 

circulating a fairness token among said switch ports so 
that each switch port receives said fairness token, holds 
it for a time and then forwards it to another switch port; 

assigning a switch port that has said fairness token in its 
possession the highest of said priority levels. 



49. The process of claim 48 further comprising the steps 
of: 

keeping a camp list for busy ports which have received 
multiple connect requests from different switch ports; 

when a switch port in possession of said fairness token 
makes a connect request to a switch port with a camp 
list which is not full, adding the ID of said switch port 
having said fairness token to said camp list; 

when access to said switch port with the camp list is 
granted to the switch port in possession of the fairness 
token, forwarding said fairness token to another switch 

50. Ai FCAL buffered switch for coupling to a plurality 
of FCAL nets and having a crossbar switch and FCAL loop 
interface port circuits structured to use the destination 
address of the OPN to find the destination node and desti- 
nation port and including switching circuitry coupled to said 
crossbar switch by by multiple paths including at least a 
straight through path and paths through one or more buffer 
memorys to exchange data frames and FCAL primitives 
with one or more destination nodes and structured to use one 
or more buffer memories to store data output by a source 
node destined for a destination node which has a busy status 
at the time the data is output by said source node, said ports 
and crossbar switch structured to provide multiple simulta- 
neous loop tenancies. 

51. An FCAL buffered switch for coupling to a plurality 
of FCAL nets and having a crossbar switch and FCAL loop 
interface port circuits structured to use the destination 
address of the OPN to find the destination node and desti- 
nation port and including switching circuitry coupled to said 
crossbar switch by by multiple paths including at least a 
straight through path and paths through one or more buffer 
memorys to exchange data frames and FCAL primitives 
with one or more destination nodes and structured to use one 
or more buffer memories to store data output by a source 
node destined for a destination node which has a busy status 
at the time the data is output by said source node, said ports 
and crossbar switch structured to provide multiple simulta- 
neous loop tenancies and said polls and crossbar switch also 
structured to provide dual simplex communication across 
said switch. 

52. An FCAL buffered switch for coupling to a plurality 
of FCAL nets and having a crossbar switch and FCAL loop 
interface port circuits structured to use the destination 
address of the OPN to find the destination node and desti- 
nation port and including s\\ itching circuitry coupled to said 
crossbar switch by by multiple paths including at least a 
straight through path and paths through one or more buffer 
memorys to exchange dala frames and FCAL primitives 
with one or more destination nodes and structured to use one 
or more buffer memories to store data output by a source 
node destined for a destination node which has a busy status 
at the time the data is output by said source node, said ports 
and crossbar switch structured to provide multiple simulta- 
neous loop tenancies and said ports and crossbar switch also 
structured to provide dual simplex communication across 
said switch, each said port including a local bypass datapath 
which can be switched to keep primitives and data frames 
generated on a local FCAL net coupled to said port routed 
so as to stay on said local FCAL net such that local loop 
tenancies on each local FCAL net coupled to a port which 
do not involve transmission of data or primitives from one 
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port to another can occur simultaneously, and each port 
including local learning memory means for storing a routing 
table and scoreboard table, and fund ioning to I'nllv cache the 
8-bit addresses of all nodes on each said local FCAL net 
coupled to a port along with the ID of the port coupled to 
each node in said routing table and the busy, available or no 
privilege status of each other port and whether each busy 
port is available for dual simplex communications in said 
scoreboard table, each port structured to write the contents 
of each said routing table and scoreboard table by learning 
either from watching local traffic in said port bound For local 
destination nodes or remote traffic leaving said port and 
crossing said crossbar switch bound lor remote destination 
nodes or by conducting an active discovery process, each 
port structured to write the contents of said scoreboard table 
by learning from watching messages posted on a protocol 
bus, each said port structured to use destination addresses in 
OPN primitives transmitted by nodes on said local FCAL net 
as search keys to search said routing table to determine 
whether the destination node is local or remote and to which 
port it is connected and, if local, to switch said local bypass 



to keep the loop tenancy confined to said local FCAL net, or, 
if remote, to generate a connection request message to said 
port coupled to said destination node, each said port being 
structured to receive such connection requests and respond 
by arbitrating for control of its local FCAL net and pick a 
data path through said crossbar switch and generate a reply 
message naming the data path through said crossbar switch 
to use in exchanging data frames and primitives, each said 
port also being structured to respond to receipt or generation 
of said reply message by generating commands to establish 
said data path named in said reply message through said 
crossbar switch, each said port also structured to circulate a 
fairness token on a fairness token bus coupled to all such 
ports and to used said fairness token to increase its priority 
level of access privilege to busy nodes when the fairness 
token is in possession of the port so that no port can be 
starved, and then to circulate said fairness token to a 
neighboring port such that all ports eventually get said 
fairness token. 



